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fe) ULTRA80NKJ fRRADSATIOH APPARATUS AND PROCESSOR U§»I6 THE SAME 



Fhfe tay^nts-aa ia dkaalod to accarap^sft an uara- 

toly ac^on sacft as aavfefea ankabia for ramacly of 
a raa^rsara ^n>or> & t&romfeas and a paicqfos, so 
altraaot^c wava a'^gnDstJc app&rstaa iw gmw&tmg 
om'iMloCi to aanance so alr/asarko &cha lro&oj& of a 
bipod sts,, t$iia&ss its mffec^oa capac- 

ity c &a ^.daaaoak: aharasear rtedioa pa^notsan ap- 
pa*atu$. : m i iMm^nk- vvas^ng ^p^^a, an u\im- 
anafe s\mmmr\ eic,; by providhid: an aitfascjiic iaa- 

cav?tal!on. : Ira-yjjatba faoaa coda ; ^gnais far da^na^ 



Iqc^: portions aad sowad ,pr0a?5«r^ da?l:abafeon 
ah&pas of irasdtaaoa sound tiakls of a fandamonis^ 
It^qija-'iay ^avas ana aarrrtoafos a.ra ^ppliod iwm a 
ra^a conlroit (ircuit to drivipg ph&s& -g^wa^> eir- 
ci^ts, r^apact^ely> The dfi^ag phasas tha$ gea- 
aratad m$ appliW Id daviag mgnsl gemr^Uor. cu- 
mm $m tm m^Kmg driving a^gaaia am spplssc? t$ 
davkr.® driving clrosjiia, feapact^v^Jy, sjo that a gr^wp 
of !r>o faadamontal fraqa^acy d^'le-os md a §f<>U^--o! 
tem6fiic dsvjcas km dthen. tmpt$<:iw&$y. i$M tim- 
ing pfimm am coatrol^d ao t^sl the fc«d^msrlM 
fmquaricy wava aad the harmanfe wavaa am supar- 
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q$®<1 ^ith ona anoihar ?:i a near focu 

mi mm&Xsc cm&t$n i§..$®mm$<Q& locally snd&ffi* 
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fhefapaotic apparatus salable %' medical tr^a^:- 
m§ni of tumors and medical torment of 

if^mbl sml cak.ul -m uUrasooJc ^hgm^ilt ap- 
paratus having the foftctsori .of pjenerahog dlhmos>& 
cavitation lor empbascdng an nltmsooic echo tm- 
age of, for example, bk?od ffovvi arrunrasonfe ap- 
parses aocesomting chemical reaenoha, an uhra- 
somc daanmg appar&tns fbf softd s«r??ic0s/<3n aS* 
£uht# generation apparatus or a ^1^- 
|ng sspparate forJksuki 

BACKGROUND ART 

A medicai tr^atm^nvt of nnasigoanf iomora and a 
mmedy- for calculi teftich &w. tmM m irmd^Uod of 
a ''.mmj^tig tygh-wtemW ao^ualk; wsvo have 
been e^peca^d to serve ae a noojnv&sivo rnodaftty 

■vy^lob does not depend on operation M as a 
modality which makes ox*ch -of the aualify ;of ftfe 
after operation of a parent and; tnoreaae th&*r social 
mo-ns and more *n futurontoo. Acoustic cavh 
falioo is considered lo .piay. an *roportaot ro)e m 
geuoratsng the effect of medlar tnaatment based 
on h;gh4ntensky kjcnsed acousbe vvave krad:aaon. 
ft Has also been knbvm thaS ^potistic : oav^afe 
p&ye m imperial rofe aJso In apeeleracng charm-- 
ea| raaetioos and m timrmg based on uhfesound 
tediatiom 

As a method of ^Ictotfy inducing She gonera- 
Hon and ceaapea udder pressure of acoustic oavHa- 
tion for the above purposes^ a technique has Mh~ 
reported m pmpomti m jp->a^:V12084B : 

; accord io^ wfffc^ uhrasoe?e waves are kradiated 
by switching aoousne fields infesrvakr of H to 100 
msec. i#;$ih fechnjpue : o^s;od on the tact that the 
ulfrasopic irra^afe §m%. :i to 100msec, is needed 
hi g®mr&$m of aeouehc e&ySstbri, ctiraeoofc Irra- 
diation h^; carded out white switching ^oustic %id^ 
of dkforeef f roofs; at a^terv^s ol I ho above 

tlrn^ tmg® wnemby the dyefe. of goooratsoo of 
aocjystjo cav?£^on by ono anonsujc fjcid and o<:>P 
fapao undor pm^anfO of iha momm cavjta^on &v 
!bo oth^r acoi-n.tjc f^c^d b ropoatcd. Through tnis> 
fho ol^ojoocy of uHr^onk cfemlo^ ^actipc coo^d 
bB m o?dar of magnitude improved for tfe W"*© 
i^tr^o«ic :powor In compadano v^it^ ifte ca^e mih* 
m)fim- swltcbiiig of acoustic fialda. 

In ^orojconduntor dov?c^ pmdun^on pit> 
cas^> bign--donc% Intogration of dovica pnava^a 
and c^^nob*2^nt[y ih^WHh« dopo^itbo of o>*ou$& 
• lo^^n malfora on so&ali'afe or ^odaoe contannina- 
fen affec* the ylo^d of pfodnnta to a gmat o^fenl 
Tharaforo, t^o oJoanln^ pfoo^sa becon^s v^rv fm- 
pDftant fr; ths scmjconduofor device produeffen 
proems. Wh§n sn uflrasonnd is irrsdk^l^d oo a 



pfoasuro foduotiOn dno to tho nUra^oond, w^fc-h arc 
wavoa of coodanaatfo^ and ramfaotjon, am caused 
ia a tocai mgic«; bybbma of a afec oormspoo<lifng 

a ip a tequenoy cf-ihe iMtmomti are vibiafod, and 
ooNapso codat- prcasu?^ of fecbble^ oocar$ 1:^- 
oa>;isio of a pbenomoaon calid^ acoos^io o^lM&, 
H hat- boon knawa that the cfeanMg electa are 
obanr/S; ; d or? tho cc^ndidon fi-at aco^aac cavitation 

io i^m;:p}^m m$ by m&m of th<a c^ai-ac^pstlc, the 

aconatio nsvitaliBa phonomoaoa is wido^y asrod 
cJecoIng pn^cossa$; c^oan^og of so?^teoodocfef 

Since : the n^aaoond obangos ^ts c^ean^g Or 

?5 fact ;p aocardanca v^ith the lom ^ m mW^mm, b 
vmeW o! moiboda for ^mpt^lhg the off:cieooy of 
cbaning by arf waging tha location whora an ni- 
iraaoand nradiaied poriion bav^ b^ab d^aod. 
Howav^?\ acoih ar^o^moof could not improva the 
niaabing aflk^anoy .sof^^ianlly. For mora 0ff?oksnt 
cbaning. ^, method ^c oo^ed .vv ; ni;ob can..offte?;OOtfy 
gonorsta acoasfioi cavftatbn aarvfng aa a soy? r oe of 
cJoansng. As a convoc^onai axamplo to whjch an 
jrmdi^tJpo aourca of dhraaonad js ooatdved in sr« 
yftrasoo* c ofeaniog apparafea, a craning apparatus 
as dbdoaad m JP-A-^WRfB baa hePn davisod 
which na$.: higher okJanjng power than Ibe osao of 
an untasonoo of a .'hngie naouency by baving; .a. 
aenroc for ^onora>in^ oUraappk: wavoa of a psora^ty 

m oi frequences, in tnbr. exampic.. the additive effect 
of the- a^raaooio waves krad^afeai 1mm the : naspoc- 
five uitvacouod sourooa oookh be a^ained bnt the 
o^eaajng efloci cook; be ^m^tod bt: causa a .corrv. 
blnaUoo of hoqueocie^ was not so aet as to gon- 

a^ crate a^coastf c oav- nation c^ioian^iy. 

Coo verd s no sf i y < m &$&lim$&v. of ^p:nid. a 
od uaing cbiouna or n^raybiat raya haa beau need 
widely. In. £m cm® fbaf Ibe coropoaihon oi : Jiqakl 
may be cbanged, ospeoleiiy, In : tho .case ■ of waste 

4Q ^qaid djBposa;, obJo?1no treatmanf Is naoci and in 
order to perform sten^aetioo which does apt 
change fha compos&oo of 1i;:uikl \& $$mh$ 
ultraviolet ray s are ocod. 

The atabl^aifoa using oh^oripa has boan pirn* 

4$ head ior a reta^valy k>og bmo bnt h oban^ea the 
composition of & MqiM -td .he - procascoc -aod sp 
req^kes oppra!ioo$ auob ea necfrai^atioo s^nd re- 
mw&\ of ^maming cNonne to aHow the stcrfiixod 
lipoid to be naed for another porpoao > rassiug prob- 

sa feme from tho standpoint el safety and eoviron- 
meofaf cost The atari !i nation ua?ng nlbaviOfef raya 
does not u$:o any chemicals md so «t is used 
widab/ as a stedi^ation method whioh is $Mpi® 
and makes oasy Iho handf% of fiqujd 0w mt~. 

ik?x^lom Mowovor, sjnoo moat of organic corr?- 
pounds.: Has; fa^e abaorpfioo :O:0O ; ff?c^nf ; : ^ Uj%9r 
vEpiaf rays, ultra^cM rays are mi o<paclod to 
of fee a ve for a liquid oootsfnmg ^ large amount of 
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organic compounds unless tfc# Imml Is tocatad 

near a tight aour0a> H has be-an known thntwhop eh 
#fraeound Is Sn'&dlafed on Uq^d. aeoue$o cavitation 
occurs and $&dfi&3&on -c$n foe induced, thereby , 

DISC^OSUBE OF INVENTION 

However,., when taking the application to m&$h 
cat $?3$m$n& for p&flSca&r .&xaropf.&> itism &m m 
mmyMnmpm mm$#m/m?m\ olloieai s&ps&tiohs 

even vd-h above~b«;<rX:ebed technic naa, uffra* 
sonic power necessary for obtaining sufficient- 
therapeutic etfecta- is- not -ato&ys of a se&elently 
$msil:' j&ygt- from the* $im4&>M ihB p^m& ^m 
effect due to the unbound. On the other hand, 
even sn the conv^ntionaL ^c^niqu&s improved &s 
described previously, only i wy: small past of 
irradiatec' ullm^c energy is &q$v&$h£- the 
onorgsy effective for generation and collapse undor 
pressure or aeons nc eeviiatioa and in this raspent 
there s&ji rspn^n^d & $os$.feiiify of improving too 
efficiency: in principle. Aeeordlnejy, fhrn'e Is pes- 
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Since bubbles pM^cjpai«ig in acoaaile c&yi?& 

tion ana mmt^Mly iftvwsij&ly praporhoaaJ to the 
ethasound n'equeney, large bnPbles co^ap$^ ^clar 
•pr$&$we*vhon a lew $&qu&f$cy m us§d. With m 
toc*$as& hi d^Sity of infegmtJon, the t>U® of a 
pattern on a ^emfee^du^ler device decreases and 
when m M?mti(jrkf wm& l a low fe^sy M, for 
example, is need lor cleaning, tho sfee of a 

bubbie 0$nerated by aceussk; asvitstion apprOxi>- 
re mates, ih^t of a pattern fanned on a semiconductor 
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to have a technique which can afford to 
aetata the seme therapeutic effect by a suiaiier 
o^fasoaic power \m4t than thai of fhe aforemen- 
tioned eon ventio aei f eehnlq * tea end its mailzatioe 
has been disked won^y for me sake of carrying 
out medica* treefmont while eapprosaa^g n^ stele 
effects -&s small as possible. 

In; fbra light of the aforementioned social do- 
raaeds end .potential technics possibilities, if is -m 
object of tha present Inven^on i.o provide an ultra- 
soafc inndr^tfnn iaohnique for g^naraling acduajic 
cavitation with sjgnilicantiy higher et^oncy man 
the cohventtonai tdchniqnafe. Based on this, a con- 
cnsle o^jsci "m to prmiM m nH(aecnlc thcf^peutic 
appanatue wa-ah can essentia^ ciin"^naJe the ekie 
eftects;. or ^ tvghly -8l?^nt ultf^Qnfc- Ch^mi^l 
reaction aocelcnat^ng apparatus, ultrasonic cleaning 
app^ratas or a^r^afiic stewing apparatus. In ad- 
:0®n> it Is atso inteodca to provide the ultrasonic 
fherapauar: ap|>ara!na witth the function ^ prevent- 
ing ofenaooa IrraPfetion foy v^uai^tag the eflh 
danily geaefnted acouatic: oav^Mfea as m yjftf^ 
■mile im&p$ or to improve ^nagjog capabiiUy of 
an aitreaeaic d^agnc^tfc apparatus by onipba^^ 5n 9 
an echo charade tistrc ot> tor eHafnpte, a t>lood t^ow. 

In cenn^ctiea wjth the uitraconic eteaalng ap* 
parata^, an object ol Ihe pr^soat Invontion ?s to 
prpvlcle a cleaning apparatus with an altrasouod 
aoarca a! a ptpraiity of freqaeacias whfeh' has high- 
or Cioarjing capability than the case of a aiagte 
tmqu^acy and alao pfotfg® U^hm cleaatng affaciS 
m a resort at the sy narglctic mm* of the plural 
IraqaenCvSaa by aet*ing a c^bl:n^R>f-!- of the fre- tkinai attraenaie ^r?3dfe^0n- -.^jthod 'acea^tio c^V'^ 
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device, bringing about such a potanti?^: adva: 
iafiacf^cenhat a babhiC enters; a groove of the oat- 
tern en ihe eemicendaeter device and wii; net go 
opt ot the groove. Therofora, a high nstraaoand 
f r®q mm y rna§ t be uead bat there anses a problem 
lhat acousttc cavitation effeehve tor cieaas:>g :a 
a n apt to be generated at a higher frequency. An 
object ot the pmeoru invention is to provide a 
cleaning appa^atoa which haa higher c&anin^ ca~ 
pabiifty than the cenveettonal: apparains by gen- 
eratlng aoonstio cavitation effective tor cleaning 
even at a high irenuency oi eapecbily, SOCMfe or 
higher empioying an ultrasca:c lrrac 5 aaon method 
which iadacee highly efficient generation or : acaaa^ 
lie cavitation which is a source of cleaning,: The 
aaxea^enhened cbliapsd ender preasare of a bob- 
Ola dije to acooatiC cavitation 5ea<ls to generatiPn of 
a icea: region of high prceeuvc and high rernpera" 
!nr e ender a paottied opndHion, but kv tho conven- 
tional onrasonic cleaning apperatns, only tbe me^ 
chaaical effects of lha acoustic cavitation are not^ 
fieo and there ia no example of a cieaning appara- 
:tne atlli^ing ttie dhemica: affects of the acanetlc 
cavitation. The cleaning effachof oltrasonnd is clas- 
sified into one based en mechanical electa and the 
other based or: chemical electa ta ordii^ary uUra- 
eeelc cleaning nt a low frcqaency, the rncchanical 
affocl ts dominant Cleaning with ammonia and 
hydrogen perovido or hydrogen peroxide and eu^e- 
rlc a<:;io > In ttm ptooxis of aea^io-oadactor dovioea 
includes a oheo-icai procese of o^idiaiog the can- 
fac^ el a aemicoridaetoc devtca or a anb^ance 
deposited on the sudace cf the semiconductor 
device. The present invaarion intends to omeih 
eurtlCiont cJeaning etfects m connection with each 
chemical cleaning. 

Whoa an uika^ound is used for eter&aatioo of 
liquid, the problem that the effect can be a^loed 
only near a generating source can be avoklod in 
contrast to the oaae of ultravfoipt rays Alae : aince 
!he composition of kguid is loaa changed by the 
treatment than- In thev-oase of using ■ : chlorl!ne > liquid 
afl:ar steniia^ioh caa :-tm U^od vnlhput eoihrj sub- 
iacted to a poeHraaiment While m the conven- 



^uencies for efficient generation of acoastlc cavita- 



tion indecing the ^utfiolent stahfiaation eflect carv 
not be generated and epaaeqaeatly sterlllaatloa 
doe to an ultrasound was hardly carried oup the 
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roethad sailabie : fdr g&tii^&tmg scoustlp o&ybabpn 
wstf> ^ aim of :prmi®ng. a $t^i%ing app^atuis 
having stiff lo^i $^!&gt$$ri affects m comparison 
mth aten?r£aik;n chlorine Of u^ravfefet rays. 

BRIEF DESCRIPTION. OF ORAVV^SS 

Fig.i Is a diagram showing to example of a 
,$eooii# hamwsc mpmmp>m4 wave, 

Fks 2A % a di&groirr showing a fesnttse» super- 
imposed waveform from a waveform pi at lha 
fund^rnantal freqaonpy, and a swefarm 

p2 afihe second harmonic Ifeqt^cy ^ri{%ft}. 

Fig 28 sch^m^felsy show trie wavei'ooo p£ 
61 tfe second harmoaia and behavior of the pen- 
oml^d babbles are sbo1#o en upper and lower 
sides of thsi wav afomv 

Flg.20 & a c^agram sehematicaliy snowing the 
ws*v®fe*m pi of the fundamental and behavior of 
bubbles wNoh are geeerafori en upper and bovver 
sidas of that wavefor ro pi by fhe wavefoms :p2 of 
Ihe second harmonic wavB and ^^w further. 

Fig. 3 is. a pfc>ok t%$ram showing the coo^ata- 
Son iti m em&odiraent of M iMmomc irradiation 
apparatus accord tnp^fcr the present invention. 

FigAA is a top vlaw showing an oxarnple otthe 
eonf ^oration of an uitrasorsjo transducer arirt in the 
^^bod^ent of Fig. % 

Ftp 48 W, a side vipw shewing the exampb of 
\ihe.;OC^^Uf.j^fv;of:.t6i5 aifrasonk: bansdnoer nnir. in 
lha embodiment of Fig, a 

Fk| 5 js § diagrao^ showing another e:<arnp!o of 
tne.configaraaon of: the -aflreac-nic transdecer unst m 
the embodiment of Rg.S. ■ 

F<a,8 % a diagram ehowing expePrpofr^l re- 
sails of a sooo-ehemsoat reaction duo to the sec- 
ond barmonfc; superimpose:! wave, 

Fig 7 r$ a bioek diagram ahewl np tha corpora- 
ftoo of anofner embodiment of the aifraaonle bra- 
diafion appa^fua aecordk^ to the present irmrs* 
1km. 

Fig $ is a aeclioaaf view shewieg the poolgara- 
tlob of a piezoelectric miokoess mode vibrator ele- 
ment of m U\m$mte trmmacer xmi in fbe-: em- 
bed imoapof Flg.7. 

Rg,9 is d^gs'am aho^vnig aa exaa>pk'. ; pi a 
radaogukir : d?iv^j waveform for tho piesopbctrio 
Ihickpasis mode : vibrator- alop^aopof f'lgM 

Fig. jo & a ^fegmm shewing ae axampio of a 
stappad drs ve v^aveform for 1 ho pi a^oelootrfc fhick* 
r^e^a moea vibi-ater alerea?^: p! 

Fipsl l a diagram ^bos^g tb^rocMig«mi><m 
:of the p&apbsfaJ xM^M :& pmo^im^icMW^Wr ®& 

moot of aitrasentp tranadaoor on^t ia the ep>bodf- 

meat oF F^." 

Fig.12 « d^graro sbowiog an oxampie of tho 
con%ur^ioa or the clfouit lo & pteoatectrie 



fho ornbodjroeot of Fig, 7. 

RgA% is a d^r^m aHowsag an example of a 
paolvpui! typ^ awitobjog et^uit cprta^tuttog the de 
■a puil; to drjva .pteaoelostrfe Vibrator ^ f 
ultmaooje tr^n^duoer mH in iho erabedteoHt of 

np.i4A a top view ^howjog fnp ceafsguralion 
of m example of tha aBrasdr^a tf&nsduc^:" a«n in 
io the 

embooirnant of Fig,?. 

Rg.t4B is a aide vie^v Showing tbe eo^gure- 
tion of tbo a^an^te of the ojtraeonfe traae^aoer will 
m tho embodiment of Fvg.?\ 
H F|g.16 is a diegtam ahowipg anotbor example 

■of 100 ooafi^ua^iioa of the elbBsoaic transducer 'Unit 
m the ombodimonf of Fig. 7. 

P1qj6 js a diagram abowiog anofbar oKample 
of tbe oirodit to dnve a pso^oeioctrip v^>fator esp- 
.?o moot of the oJf?-aaoaio tranadaoor In the embeds 
meat of FigX 

Fip.i 7 ie a time chart for a topped wavoforr?^ 
ddvMg the pteo^edUip. t Makm^s made tranao'uc^r 
of 

F\qAS :a a aeotjoeai v:aw of an example of a 
single foeoss o>anua3 ^oaoning type transducer 
adaptable the pra^ant ir-veation. 

Fsg.ig ;e a soctiiooei view an oxamp^o ef a 
non-roc a ^ b/pa pj&ne wava fraaadpcpr adopjab^e in 
m tne preaent Inveotioo, 

Pip .20 is a sentioaal v^ew of an e>:aa>p^e of a 
stylus transducer for pdck:ng adop^abie In the 
pfoaent jnvanijon. 

Fig £ I ie a diagram: abating an exampie of the 
aa conngnfa>ion of an in^aopprativa tberapeat^c ai- 
iraadarid baaadaeor ac<;on:itng to the prp3$nt >e 
venaon. 

F5p,22 ta a diagraai abating ano^ber axampJa 
oFthp cenfigorafien of the inh'aepera^ve theraooatJC 
4Q ultraspaad tr;iaadiiaor ac:oefdinp to the presaal 
vention. 

Fk-,23 is a diagrao- showing an exampie of the 
canfigaratipn of a reaelor of an ultraspnio chamica; 
reaotion apparafes acoprdieg^ fbe present imm*. 
4$ lion. 

Fjg,M is a diagrafn showing anotber example 
of the reactor pi fba uteaomc cbarpiea^ reaebon 
apparatus apcerding jo the preseat Invantien. 

is a diadem sboyving asi axampse of tbe 
aa aenegorailen of an ultrasonic cleaamg apparatus 
according' fo the pfoaent ?nveafk]n,- 

Fig,28 la a diagram showing anotbor axampla 
of the pDnnguration of the aifrasonjc cleaning ap- 
paratus according to tf>e praspnt tpvention, 
ss FjOvS? is a diagrarn abowjng stiH another e&aev 

plo of the opoNgaraBOn of the ultrasonic oieaning 
apparatus acaerdiog lo the present liwentien. 
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Rg,2S i a a digram ^ho^^^g exp^dm^W m 
mit$ : .'$ mkk&ot} in<$mm ; by oltrnsonlo fcra:dfa$ora 

while c%*^io§ the ph&m Mvm^ft the Km- 

d&meotal and ite s$cc-n*3 harm&pb wwhsc^ are 
eapararaposed: to each other. 

Fig 29 a diagram chc^ng an exampkr of the 
configuration of a s\m\mr\g apparatus according fo 
the present Invention 

Rg,30 is s diagram showing soother exaropie 
of the eonngara&on of me etching apparatus ae- 
aetding ip £h0 prs^nt inv^n^^, 

BEST MODE FOB O&RFMNG OUT THE SNV&fSh 

st has been k^ovvh fiat when a sinns.oidai ah 
traaouod w*tb a reiahvely high Irjfensity propagates 
in Si mediaro each as a iiving body or a i^uid; 8$ 
pressure vy^Jorm cn^n^s fr^^ ^ psm wave to a 
ao-eaiied N*wave (a wave in which tha riae of 
pressure 1$ more rapid than Jte tail o^pressore) as 
the propagation pnooeads This dae : to : anch a 
fton^naar property of the -medium tha* as tie area- 
sum in the medhan increases, the acoustic speed 
iocre&ees; and ih the case of a puteed ultrasound, u 
haa been known that' trio pressure wavelerra 
ohangea fc> a Waveform having a te^er positive 
peak pressure than a negate peak pmseare as 
the pro|>a>;)ai:>oa pnaceeds. Go the other hand, it 
haa bean known that aeoeatie eevhahon fs cookery 
to b@ gaj^aratad m m aooostk; }?e!d catted a trans- 
mission mode or a propagation mode In which any 
higharaeosity reflectors do not axis! but is likely k> 
fee §eoerafed In an opsonic acoustic field in 
which highameosity redactors e>uat Tha a&ova can 
be explained by considering l\M the wave in which 
tha i&ti of pressure generated by propagation of an 
oifraeound ia more gradual than the rise of pree- 
sura or the negative peak pressure is amalier than 
the positive peak preasaro are disadvantageous to 
tha generatierf of acoustic cavitation mt the 
waveform hecqroee advent ap^us Irs the generation 
of acoustic cavitation when phase Inversion by a 
r&flaaor takes plana. 

Baaed on the ad-ove consideration, the pra^ent 
invention propoaea th at an ^hrasoand candid a rod 
to bo geoer^lad as a r^u&t ;of phase : aversion m 
the above ease and havarg a waveform advan-a- 
geoi.^ Jo tha ;5£oastio cavitation gsnefe&xi oea ba 
oofaioed tdraogh synthesis w^hout resort to any 
r^aleotora by oeoaidg ah eihaaoand et a hjadamea- 
tal freqiiancy to ba added s^ti an u^rasoand hav- 
ing a ftMaiancy wht&h s m mhx% !ha fLmdarnentat 
fmqoeopy at an ois|act to m Jrrad^ed. ^ora par- 
fjeaJady,, as ahowa ih. s for example , Fsg.l , by addiiag 

to. an etti-a^oand pi of a fktndamenta^ fnKfoeno? an 
aHra^ouad p2 having a trepM^ncy ^vhich b t^ca 
the fandai^ara^J fraqeenoy Jo a suiiahle pfx^ae ra^a- 



tionsbip, an o^raaouitd pi * 02 which naa a 

wava^oja> edvantagaoaa to ih« geaeratien Of jscotia- 
tie oayilation and having a l^ger negat^va presaam 
peais than a positive prassoro paak can de syn^ 

^ thea^ed; 

A v^ave tanamHtar may ha so eon^gured that 
fiiaduodamef^al wave p1 and the saeond IwradOie 
wave are generated siniuitaaeoeafy from tha 
5;arne wave tr&namitiar axeman i or Sitiea^ailvaly they 

to are genamtacJ from aaoamto wave Ira^oittt^r okr- 
fnanfe and ara aynthasi^ed at aodstantiaiiy the 
aanne loc?j point A first eo^bp^rnen^ proposea that 
an array type wave tran som s Iter m used which is so 
conagared that a Rrndao^eniaJ wave pt and a sac- 

is and harroonio wave p2 : wNoh are ahfe to gener?:te 
aeoua^c eavftatjon :o ^he region more timiled to the 
vicinity ot a local paint, arc generated from a 
pluraiihy of wave ^artsroit^er aJeniants^ m^peotiveiy, 
'w&%mi>y the focal point of the fundahWi^h w 

x>e pi end a ^eoai point of the aecond harmonic wave 
p2 ara sniperimpoaed «o each other whi?e they ara 
elontroninaily aeannad aimei^ ieoosiy , 

Thia eo':bod:n>eni also propoaos that In order to 
a^ovv a position oi the acoastio cavitation ganara- 

$5 lion he supervised m tha terra of a portion in an 
Mthaaonic ache ^naga, an ullraaenic echo smageef 
an irradiated objec:t ^a fixn^ad airnahar ; ac:e:aiy by 
trans rnatiiig and raoefvin^ a pniae wave of a higher 
haqnenoy fhan the seoond heatioaio wave. 

.•a> A second a n % - document propaeea an example in 
which sintaltaneDas generation oi the fundamental 
frequency wave pi and second harraeoie wave p2 
Irani |:ha: aan^a wava transmitter alemard ia oen- 
trlv^d. 

A third erado<iiineni: pmpeaea that a plana 
wave at the far^ao^ar^ai freqeenoy and a pfana 
wave at a frequency which ia twba tha fandamantai 
n^nency ara added together ao that svava fronts 
e? ihe two frequencies ara raodei-ed to be aodatan- 

■<o tiaily peraiial ie each other and lha waves ara 
Eradiated on the same etieel at a lima. 

A foodh enii>odin-ianj prepeaea eft active ti'P aa- 
tien of tha aferenientienen aoooatlc cavitation Qan- 
eraiion in such a ahan^ica^ preceaa aa exidiaing tha 

va aarfstoe of a aeiTsjoendacter device or aubaiaocee 
dapoa:itt?d an iho audaca of a< somicondeotor da- 
vice;, for example, ciear^og using ammonia and 
hydrogen percKida or hy^roqen perocjde and >3*Ah 
rie aeid in the preqs^as of aemiOendacfor Oevica 

ay production. 

A fifth en>bodiment proposes an appiiostion fo 
stedfea&an. ol liquid- 

A oeacreie axampia of the ayotneaa of an 
uitnaeoand of fandamenfai wave pi and m uh 

■$$ traaeend of aecond harmonic wave p2 whiph can 
^anar^ta acoustic oavitatten etf ^oieotiy as an in^adi- 
ated objact in fheae ea^bedinniarrta w?U liraf be ax- 
plained. 
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Rp^A and 28 show a 

wavp%xp eteined wbori the phg&e retaken b" set 
thai so infrasound form pi of fundaB^nta? 
tequsncy f- \&ifpr®smt8& by sin{&fb vvith respect 
fc> t*ro$ t and a second h^monfc wavefeff^ p2 ?s 
appreciated by i4*k}< d$wm&m$ng m 
ampfe m vvftfeft th« (if a ^^ilhesiied aeodstiP 
pressure ie steeper than tfe rise thereof to act on 

geodsbc Taking this ease as an example, the gem 
er&tipn • fM&t*or& :of acoysSc &avHs$;ob • -^lU Ix? 
d^prlbe*! w*#v the- aid of diagrams;. 

Fig.-? A is a pl^mm §h^no a wsyefo* re r esidb 
ing from synthesis of the fundaments trequer^y 
wwmfiwm pt of $in{&rfg and the second 
w^ve tern p2 of ^«$4*'fS)k Flg.2B xtisgrsmma&o^ 
shews the seeded harmonic wsv&forfft p2 and be- 
M which am ^Mfslefil a^ ^mw- ors 

the yppa? and lower sides of the waveform p2 : 
FigsSQ d^gmEnm^caily shows the fundamental 
waveform P? and &&h&y$or of the bobbles, pe;v 
orated and caused to grow by the seeand-barmDnio 
waveform which further grow oiv me oper and 
lovim sides of the ■ wm^lmm pi * • 

bvsby< mo generator; of k&ustlc 'davrMoh Is 
started ■ ■ :by the second barm-ohiO wave pP (~ -sih 
:(4«f^ 8*fs£& #w radfus ol a resonant bubble dee 
le the second harmooso wave Is emM amoonfing to 
& half ®Hh& m6ht ol a resonant babbie due to the 
fundamenta* wave pt { » skK^rVh}). the initiates of 
aconsbc eavifaben @p@d^.if$ins the second bar- 
momc wave & eignf ricantiy advantageous over that 
effected onh/ the tnedsnwna* wave pdc. frs 

that ease* the radius of a cavitation bubble vibratos 
at the pobod of the second h&n"honic wave but in 
she; pti&m of the ^ooeratson of bubbfe v the 
bnbbkr r^fus ss emaiter then the resonant heebie 
radius and has a rna)nb^m (for examp:^ bl) at a 
negative procure peak of the second ha ; monic 
wave sod . a mieimjjm ifm example, b2) a Qmi* 
live pressure peek as ^hown at m upper part if* 
Fig,;?Bs in other words., eeiargoreeftr 5ind redectiDr; 
are repeated ^^tblo a raage of Wmb& to b 1 . 

Whee ca^Eiat?of) bobbies gt<m W ^ece^ing m-. 
orgy ot the seeor;d harmonic wave and the 
redfus el a cavstetien bobble reaches ?e approxb 
mate the r^dioa of ^ resonant bobbin doe to th^ 
ec^o^d berrsiepje vy^v^, the phase ef vibration of 
the bobbio radges <s delayed by 90^ .and the hub* 
bfe radiue has a o^r^um (for axaropie, b3) a! a 
^ero-cro^s po^et from ?^e§a^ve pt&s&um i& pmiiMi 
pressi^'O- A bubfe^e corresponded to pdsitive $m» 
mm ik* e^afeple, b4j remains esseodsdh/ ideotieat 
^ bebbte in Vm, phaee of nori-ra^ohai^ce. 

ki this ease, with the eyperifrrpD^tlo^ of the 
fuodsm^h^ vvave .pi effected *o Ibe abovo-de- 
eenbed phase teiatioo, the timings for maxire^ies 
the vibrator eteroeet radios comdde with e Vn'mng. 



of a negative pressure peak of the foedameefai 
orsoe every two pedods (for e>carop:e> el) end 
es a f esuti> the osvflalioe bebbfe furfher grows by 
reeoi^ng energy of the feodemeote! wave v feaebieg 

a at ieast the siae (Jor exsmpio. o2) of a imoesot 
bobble dye to tbe fcn^amentai wave. Even in the 
to^lamehtat wave, a bdbbfe dorr^p^^h^ -tft posi- 
ffve pressore remajes o^eenfis^y ideo^ea! to a bob- 
bks eotmspondinrj ^ ^^ttve prassera in the MiW 

io phase id ?he eooood berroooic y^ave t& exaropte : 
oS epd o4) regardteas of the re$^on!5Jiee ,mdi eon- 
resonance phases, 

Wihari e grown bubble co^epeee under pree^ 
sere, an interna! gas is ad&bade£% compressed to 

H geeerate energy ?enai!y, in order for the eeorgy to 
be suHieiem for ihe purpose of fbgger^og: a eherno- 
cai reactl ofi, the bubble eubjoot te co^apeo under 
pre^sere mus! be at feast larger than a contain sic<e. 
By selecting the iuodameetal fraqeeeev ".which Js' 

.?<> semewf jaf tew, the S;i^e of a resonant bubble at the 
fundamentat lregueocy can be set fo the necessary 
eh?e or iergec in the case wbere the fundamenui: 
frequoecy abee is irrad^afed, howovap there abses 
a preb:Om that the cavitation generefjee can oof be 

ife started aoooessfuily i! : the resonant bobble doe to 
the iLiobemereai wave is lee ^arge. Coefrahly, by 
effacing th f e supeffnipos;riefj of tbe second bar^ 
mooio wave tn the suitable pbaee reiat^oo oy usiecj 
the method ef tbe present jnveofev e^h: of the 

m iehtahon of the cavitation geeeratbn end the growth 
of the cavitation bet-bla to a $;of Anient size nan be 
acsompfisbed efficient^ through f he cooperation of 
the senond harmonic wave mii< the lundamentai 
wave, 

cs in additfoor when sb o^frasenic imaging en^t js 

used which transe^is/reoe^es a pulse w&yo of e 
frocjueney higher tbae that of tho second harmonic 
wave to idrrn ao ultrasonic echo ima^e pi an irradi- 
ated ob|ect v f^enitoeng with eelf-metoh sag eapabfb 

4Q i\y cfue to wave molron baving a speed es^nhaijy 
equable that ef the ultrasound vvbicb exeds acous - 
tic cavitation an irradjatr^t object \ml\ be possfote 
and tberefo^ mooitobog rela^vafy immune to fhs 
infiuenee of a acoustic speed diatdbuden of ap 

^> intermediate medium can be reaped Fosiben by 
cenfigedfxg me eHrasonio fmaging unit 1e enable It. 
to •*^.$iv^;' :©i ; fmqi40ndy : cprrippnent of an oven met- 
bp^e ef the eeooed berrnooio oftrasound which ex- 
eds :5Coeshc cavifatiorpon an irradiated object e 

so position where an acoustic cavitation so exonerated 
or a posiiion where aconsbc cavifabon ydH be- gen- 
erated mih high poes^biiity o&n be disojayed wbiie 
beif^p superimposed m..m. ollrason^e echo image; 
The first emoodimenf of tfie presenf invention 

ss wiii now be desebbed w greater detafb wbh -mim- 
once to Pfg;3: to 6, 

The overall eon figuration of an ombodimeet of 
an c^tresonie irradiation apparatus according to the 
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tha posthon whom acousdc anvhnrJon i-5 genoratad 
b sftown in R§;3 &n<Hhe p^t§ua^fen. ;of : an uftna^ 
sontc transducer unit is shown in Rgs.4A and 48. 
and Pig S, 

fo%fm^fe? co^c^rnirig tbe yUrssonic m "ad*ation 
Wmp^t afratag*? is tftptrt from keji inpof means 
Si to &n &r^sstl&n iirjli n&in 'ooii* 1 ^ circuit 20 and 
on ifm bask; of ma mformaiiom hr&iii&§m ic- 
opcode W 4e$mxg mediation acoustic 

of & fundamontai wnvo and a second har- 
monic svava as >y<$i as focus positipnar3tegust?e 
pressure d^^ibu^on forma of; tho respective mw®& 
me appiiod from fcft$ kr&d&lkm unit main control 
escort 20 to a dhve phase gor^t^ng circuit 1 04) 
m$ & drn/e - ptism ^anarating cimM 11 (12), re^c? 
tfe^lyy £&as©s fbr d$m of transcludor elements ?or 
Eradiating Jhe gsnoraied fundamen&i wave and 
second harmonic wave arc applied to dove a>goai 
: gonaraifug dmuHa 7-1 to 7-N (N being the fofat 
number of ones of transducer jndop^Kto eie- 
roentu which ara used far the inndameotai wave) 
and; dove ergnal generating cruris 8-1 %U (M 
being f he too* number of ones or tn^duoer m~ 
<ktpm$mi e&^ehts which are used for the second 
harmo nfc wo vu) , raspechveiy, Ohva amp&todea of 
the ■imtimmiisti wave and the a^a>nd haimar^a 
waye app^ed fmai tha Irfadrstion unit main 
ooooot airaujl 20 to the drive signal generating 
caeuhs : 7 -1 to 7~N and 41 to S~r>l respective? y. 
Ouve signals for jhe generated fundamenfa: wave 
and the second: harmonic wave are appiiad to 
aiamafjl drive .eio-uita 3-1 1o $*H and 4*1 to 4~K\ 
respectively; to drive a group of irradiation trans- 
dooer elements of InndMieofal wave T~1 to 1-hl 
and' .a gimp of irradi&rien ^ a? 
second harmonic wave to reopoctiv^ly;. . 
Tho drive araplik^das can alao be eonfro^d ay 
sonars guppl^d: from tha : : Irradiation . urrit main .con- ■ 
\ml Cifcalf 20 dirao^fy In |ha lament <kivs drauas 
3-1 to 3 and 4-1 to thereby onaud^g ateady 
and ^asy oparation of amcrrjaacy stnp of n^ra$on?c 
irrad^tlon upon occurroncc ahocrma^fy . 

An irradtatioa trsasduo^r corn^aod of ?ha 
group: of 1un^ani*safa! ^ava a^mao!^ 1-1 to l-H 
and tho group of aocood har roonic wava ptamont^ 
2-1 to <?~W acta afao a raea; -v^q \m} sduoer f or 
datoctbo of cavitation goooratnd In an jrradiatod 
ob^aoL S^gnafe racaivad by iha rospocliya alen^anis 
are rernovod of oornppnents of thp Irradladon a^goat 
band hy h^aris of inii k^r^cf MWs 5-1 to S^N sod 
0-1 to B-M > than led to receding amp^sfla^ to 
J 0-1 Ho t'0-M ( raa^chvoiy, m w K> bo 
ampiflad tnoraby, and applied id a racojving focus 
oitrOt«f I (13) and & mce^ving focus otfcpit II (1 4}> 
rosp^ctivaiy. Since an output po?l of each of the . 
fondsmon^ wav^ dHvs c:srcu?ta v to apd an 
outpul port of each o[ the aocond harmonic w^a 



,<tnvo. circo5le, 4v| to op^tairr a aedea Imte 
tanoa vvhsoh roaoaaa?s vv-ifo tha sum of an osorBont 
capaoitaooo and a oaose capac^ance at tha jon- 
damautd fraquoncy, 1 } , or tho socond harmonic, 

s 2>^< the o^pul impedanca (8 llie drjve Cfrcait wili 
not ^cf aa a shunt at froo;uonoba downed from tho 
roap^c:tiva ^ 2!,-. to intarfer iha receiving aen^ltvit^, 
Tho recoh/iog ampl if m$- f 0-1 to and 10*1 to 
W v h% sra of vadabfe gain and thotr gtim ara 

to oontroiioo hy signals d^ec^y supplied from tha 
^a^dintkxi um. mam corarc?; caoalt 2D. Dndng a 
time ;-:ono fn wn?ch many acvvanled s^nai coropo- 
nonis aro gonof<itod off tho toarjiation yifrasonso 
confer fraquoucy : far mm\pi% dudng Niching fee 

is irfadia^oa foou^;, tha ga?na wo downed to avoid 
aMumtfe of the ampatiers, the reapective oscefe- 
fog focus cacait I (13) aod roootving fooua oirou^t II. 
(14) hays para^f^; focus: ciranna lor effeo^nglocu^ 
sno; on' a p;ura::ty of toca> pointo arranged in an 
irr^cii^jorrrocysjag region at a ^-pacini^ car?e$s';x^nd- 
m§ to spahaf roaoKnion oh the reviving ayafom , 
whoroby thoy dotocf: iho gonoo^tioa and the gun- 
orated positions oi aitnasoand components radiated 
by cavitation; aubhafmooic ooarpononfs h^vtog fro^ 

55 :qaenc ; ies, : f,y2 and f : y3< har:>ionic compon>enta hav- 
ing t^^quonoioa 4f or add Bf^ and harmonic com- 
p>onente of subhannonic oomponnnta ba^irjg fre>- 
quonoios 3ty2. 5iy2 and ;TfJ2.,Mp. Signa^a ?ndjca- 
liva of cavi rattan gananit^jn pcjsittona and ganara- 

a& tipn iritonshy are applied to : a display nircoit SO 
Hara: : if p^a;3ol pn>c^?$:sing fo-xis -ar^Miils which ara 
amaiier in number than £ho a?oramam5onod fecai 
points: o^ad to scan iM>. hidivkiusi focal points, 
redaction or coats of the reccrying focus circuit i 
{13) and rcca^ini^ focus circuit II (14) can afe ba 
acoaniptiahud, 

in tho Figsjro, 21 doaigoatoa an array typo 
i rana ?t< i itar/racoi vet r ; r<?ba dedicated to ojtraaonic 
imaging and 22 dosignatos a lotatinp mechanbm 

■<o far fO'k^ng. tbo probe around an mm vert^cat to the 
proda surface, fhoa providing tho configuration in 
whtob a piara^fy of clhas-ontc pufsa vx:ha tomo- 
graphic Images necessary lor posftioning an Irradh 
atod o:b|ant can he ob^tnod, Rocpaot^/O c^M^naraa 

^ ol the prodo S2 are ooonactod to a tmh^rniaaion 
cootrot circuit 53 and a rocoi vfng fopuo clrbuif 2*V 
through a tr^nsrnittsng/toc^jysng ampth*ier .24. The 
display circuit 30 is oonfiaarod so that signais 
indicsstive of cayi : bt«on ganaration po^tfcns and 

as generation intensity whtoh aro dotootad by the re- 
ceiving ioci0 oircwi! I (13) add' racoiving fDOUa 
circuit \i f\4} aro dismayed wdila hoing sopehov 
po$-ad on m abiainod acho tomographic :rnaga<. 
in order to obtain good irna^a i-esokhion, im 

■$$ uftraaonio f rnqoOncy daod Of tho probe 21 is m$. to 

ba 4f« or Higher. Sii-uoiumtty, harmonfe eompenents 
pi lor oKampio, froguoodos 4% n and Sf^ and 
harmonic camponanfs of aubharmon^c componanta 

a 
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•M tor #x&mp*o> &y2 wMphf- 3*0 rM^a by c-a^a> 

$km may he detected by the probe 21 rathe? than 

■tm gram of #§m&nfs to ?*pd group of 
elements 2*1 to Perthec when the drive phaee 
geoenabng cM I dMv*> phase gaa§r£lldg 
#cdt : !! (12) mid drtye signo? gj^m^&ng ? :: - 
i b 7-N and jShl to are o&rifrofed by the 
jo^diadon anil main ^ontm.ldlrou^ SO, poise ultra- 
smic waves can be franeabfted in $;ynohn:>nmn 
mm tho trwmfeebii of Irb&pig uMmso^fe pu^e§ 
by the array tvpe trae^iti^rrmeajyer probe 21 

dedicated k> mr&mmc m&§i?\q mti fmm positions 
of higMeteslty altraaonle waves for cavitation 
gmmWrn. obmm& through transmission by 
means of the eiorneote i-i to l-N a^d <>1 to 
and racepiloo by means or *he probe 21 car; be 
dlapfsyed whsfe being aapadniposed on an echo 
tomograph^ image opened mmegh hr#^i$$oh 
and recepdon by meana pf the probe gl . 

Siince the efficiency of cavitation geper&bor: 
depends on the rotate phase raletlon betwaoo 
faedanieelaS wave and the second barrnonte warn, 
mora ®qMy ehlolent cavitation gwr^aoo osn be 
realised by controlling she drive signal generating 
■ck'eults "M to 7-H and 8-1 to &-N aech that the 
inteneih/ of h&hfrtome eomponente and harmonic 
components of .subh&mtodlo; oonTponents wh;oh are 
radiated by cavitation to n^lml^ed and eo the 
ralabve phaeo roiation -a optin^aed. When she op- 
tfmk&$op acoondfng to the Intensity the- har- 
monic compoae^^ or the harrno?de eafapanents of 
sabharnvomc component Is dldiculi to ach lovo or 
when ibis lenonon & : deeded to be onatted v there la 
M$& w&i&ht& a m&thod tor raafblog NQhly officiant 
cavitation geoerabon daring ar teaet mare than a 
&$&$tv fraction of tim© by poHoaa;dg irrac^abori 
while Phiping me motive phase relate be by */6 to 
■iM In nsspaci of the aoeond h&mKiOlc wavo. Not 
eaiy whoa the opt^muai revive phase rolat^ea ia 
aasmbeO; buba^o wbea tba e^^ative phase elation 
ia ehiftoe in accordance with a prodatorroiaed vah 
ua, ii ^ aacasaary to ea^ae tfradistton to OanbaLie 
for a ecastaat lar^e mquired for oayitaiea ^ooors- 
liob (typfea^y, aboat 0.1 d^eo) or laager in oaa 
rolativo pb&aa roiation, 

WN:P, ebeervatioa of an ratresoolc; irrad^atad 
obieot aodloa ba^ad oa an acbo loa^ogr^pbic lav 
age toaph:^ that raot?da dao to breath s ag of the 
obiac? podioa cao^oi: ba oagk^ctad and does m&h 
iff, -.tho 'irrad^lfea fooua fe;'so coataallod as to mow 
m com p^aaaa mih tba re oboe of the ob|aet port ion 
on tbe ba^js of a sigeal applied fern the reooivlng 
locos Oiroutl: 2$ to the laad^boa uiM 0>asa aaobo: 
mem 20. Wbon the motion at tbo obi^t PO:^^ m 
so targe ?bat If: axeeeda the parrnsastble raage Of 
irmdiat^a focu?. or wnm tfae&ng la difficuU; to 
aah^vo, the uitraaenie ifra^tatJOp. tia>iag m con- 
totted aach that \l is ^yachroa^ad with braatbtag 



^nd ;M : i^o^fc ' irradteljoa j$ coaled out ydthsa only & 

pmdetarr^trtod range of breathing timing, oa fee 
ba^ia of a a^gaal apptiod from s brostbbig dotao^O:' 
32 -to the iOadsaiison aoilt mm\ cmixoi.m^t 20. 

a Also, lha aftioiaat sooasbe oavlMbn ganeraang 

aiethed of the praeont fayen&oa pan bo applfed fo 
improve d*;^v*ag power- poa^essad by 1:be prasaat 
ea^bodbaPht practJoed ae aa utesonfe dtagaoatJc 
apparab.:$-. Mcjo^ parijcutaby, by eaayiog eat ay<a 

io f^aqueaoy wpmmpvmd o?tra$oaad tedatjoo at 

a^abveiy smali a^taaaity by astag the gmap of 
elamoats 1-1 to and tho groap of ofameats 2-1 
to 2rM aap geae^alng acoostic oavaatJoa eftio^eatly 
in an ot#o! ^magod baaed on an u^rasoolo putea 

as eehe method eaing the probe 21 to aarpha^e an 
echo ahansotariat^ of Ida imaged ob|act sodh as 
blood: fbw, a blood -ffdw.'Sn-s mldato blood veaaei or 
a tovv-a^e<1bh>od flow can bo jra^ed wbleb can 
hardly be ja^agad oven throagh the Doppsar math- 

.?o ed whan tba atoaeak: pa See echo aiatbed aatng 
tae probe 21 d; oropioyed aiona. 

Next, the ultrasonic iraaedecer and; at faa 
pro^aat ambodb^oat wt:bba dasebbad in greater 
datasr with reference to nys.4A ; 40 and S. As an 

m exso\o;e, Rga.4A aad 4B show m array dypo high- 
aaensby uitrasoaip tranadocer of 16 seatof ; a -x- 2 
tracka oOiripasod of groups ol cibaaoakr ataaioras 
1-1 to \ -H and 2-1 to 2-M Fig 4 A te a Oiagre?o 
ab^ag tbo ataje of tbo traaadacer aa aa<a> bt>a^ 

m below and each group ot abrmoote aasodstort with 
part ot pobpberai drcabs, and F^p 48 Is a Oiaqa^a^ 
showing a sectional aaoolere of the transducer- 

Tbia foeusjag type bk^"a jnteosdy nilraaoaic 
tradsdaear has a gaoa^atnea! fooas so tbat b may 

ee be allo^ad to ecan ^ : ocai poiaa? by nnaane or a 
aoaaaaarlly m^ahaun^ numbor of ^ameata M t My 
la the present embodn-ne-np the gepmelboat looue 
can be glvaa by diapering groups at uslra^ontc 
elements M to end 2- 1 to 2-M on a opbobca! 

4Q ahei; 33 made of light e>aM Tbe spbarscal sbei 33 
made ot light metal, containing as a o>e?a conatjta- 
eat magaeaia^a or alaratnarn, baa aa ubraaoaiC 
IrradratlnQ ^arfaoo eldo whfeh 1$ a concave- sudace 
f[::rnifng part of a aphere having Ita peater at a 

^> ^oomoblcaJ locaf point f and has a back ^do 
whfnh has a peJyhedral form poshed to a'lesv 
ultrasonic elameats o! piaaoelactria cataralc to be 
Ponded thorato- Thanka to high thoracal oondoo%- 
by, lha apbenoaf ^bell 33 ot UgH ^ mstai Is eheobve 

m te co0l plo^ooioctrio alemonte during bjghdatonelty 
ultrasoalo i f radiation an d al so as an ground 
elootrado of each piezoelectric oiemont- T^o ahol; 
also fprada part of a Jraaadaoer aoaatng and ft Is 
provided with a condaif 33 of pooling fluid for 
depriving heat generated daring higharaeesity ni- 
trasonlo irradiation and mounted w^tb a wafer bag 
35 ceatarnlng degaeaed water ^bfch niakas eaey 
acoosbc coupttag to tba sar;aca of lha bodv, Sine© 
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the afioy, mnmrng m »' 

magmmum pt z3umwmi% has an :aooostic tropod- 
whfcb & intermediate thoae c$ tbe 

pfogodocfric ceramic m$ degassed water lor com 
pBng : , fhs ahest 33 serves also m m acoustic 
matching • rn^r^! between t*e two.. 

In the present: §mbc3d«>>e^i 3hick&&& of 
ifm sphada&i 33 ie eo se^oiad as 40 he shall 
way^i#Qlf) of the ?u*ft$&ft$ot$l wave or one 
>yav^!#?sgiiv of : second harmo^o wave but the 

thickness rpay be changed JOr tl><? pan of tho 
fer*damer$ai waya &i&m$o^ t-Mo 1-N and tha pan 
of te harmonic wave €ien>en£s 2*1 to 2 y M 

to isike a vau^ of 1/4 w^ese^tn or ea^ of the 
frequences, fhoreby fmprovl^g tmnsmH- 
1^/^c^^jn0 chereetensUes of the poteedlke ul- 
trasound. 

Aeeemmod&ed in & #rcu&r rrola formed In a 
central podloe el the aoay shown in Fige4A and 
48 is- si poi&a echo tr aosmft tor mscerver probe 2 1 
dacijc^ad ip M^aso^c ^riagiog. The Ms*c struc- 
ture of to probe 2t h ideodea: to mat or a sector 
soan^lag type aney probe used in the ultrasonic 
diagnostic appao*tu$ m;6 m the pmseni embodi- 
ment; lis centrel fequency is eat & ^ iwice the 
resonance f requeue y of tbo second hadhohie wave 
eiementa 2- t k> in Order to enable '.a su^le 
ooe -dimensional mm probo to image a p^raljty of 
fomograo'* pl&oesc the probe 21 to rot&table relative 
to the tr^nsdofw housing 33 and is rotated alxrut 
the cm$&$ m*?< of the transducer by means of the 
rotation mechanism 22. 

fci the pmsoni embodiaTenb the transducer has 
a geometrical local length ot about 12 cm, an array 
outer diameter of a&our 12dm,..-&jrr mm$ : of 

toot 4 cm and a diamsfar of abom 8 cm of" a 
erppo. tor sectionmg two traefe Since the- outer 
track for r^eoersilinQ the fundamental wave hes & 
• d&wmim; which is about, twice the diameter o! the 
snnsr track for generating the second harmonic 
wave, tde diameter of a funderoamal wave spot 
sub^ant^^y eqosis Ih^i: of a i^corid harmoo?c 
Wave spol oo the local plana end the generation o? 
cavitalioc" m the sycergjsti>:: effecr of th^ two 
trequonoies ceo he oarhacroot elteottyoiy: 

When for the cot f^rray ootor ske too toner 
djacs^tov if eal to 3 cm m4 ^ dtamoter of the 
oirc^e seoiioofpg tho two trecke is set to 0 cm. the 
Oijter kacfe: md fm ir^mf tmck %m &im®s$ exacts 
aoelogous to each other in terms o? tec rstio be- 
twoen wavoieo^th$: ^od fMi Mors a peak aooueiic 
pressure dss!?1be^of! of the second hsrrnor^lo wave 
spprdxirnsto^y squa^ that of the lundan^eot^i wave 
oh mo toce^ plana. 

W^:h tho present oorr*igori5tton, the fooderneotsl 
yvevo &od; the socond harmonic wave sire ^rvadjatad 
siimoHeneoosiv on oniy the shinty of th& focal 
point apd Inarefora by ^edfng the toca; posntia ffl 



object,, cevhetieo can othetemiy he §an- 
grated k'*v'ajly only *n the v^o^nHy or the focal poiht. 

Fjg J> $c : o^'a an axactpia io vvhieo a rectangular 
arrey Is uoad es the ultrasooje treasoucor oost in 

^ the presanl ernbodimenb in the Rgure. par^s M\ f ~ 
inQ the same ionctfee arid iNa ^roe oeroa ae pads 
in : -Rp<4A and 4B are des%o^ed by identfc^ 
nornomis. An ifltrasonte tradsduear formed of a 
recieoge^r pje^oe^Oitlo cer^rr^e having a mimi 

to eide of 4 cm end a rna^or e^de of 1 6 ore te dtvrded 
into 3H * M ek>m<?j>^'':^-td. 2U etoo>fecte on cp- 
po^ita ends the minor sida ere ajecthca^y ceo- 
nectod together to form an array |:ranedocer coo- 
$iotino ol H ejocincaiiy indepeodoof: fundamental 

■ $ wave gcecta^cg ojarnor^o M to t-H m$ "M ete- 
^rioe^y independent saoond darmodic wave gen- 
ora^ng otamon^ 5-1 to SHM. An trrod'Otfed sodace 
^da of m acouetfc matching sayer 33 made of a 
a^ey , zormm^g ae a me^o cocetftuonr magne- 

xvj Oium Or akimsnum, tonoa pmi of ^ eyfiodne^ Sui" 
tece and its concaved pod: on is tilled whh an 
^ieoostse irSter mado or a polymer maiodar wh^cb 
e^dibtsa a aceustle si^ad comparable to or stow^r 
than that ot water m<i which bae ttre surface :oo- 

h formed as to be fsal or convex, so that the trans- 
duca- as a wbote forme geometnear too? on a &"*e 
$;egf)>err ; 

The; ultreaoofc trenedecsor eccording to an em- 
bodifoer^ at Fsg.S has a basio s^recejro which tr^ne- 
a& tiocs also as a tfooac -seaor^ng dype or sector 
semntep type anay prodo ns:ed to the o^asonie 
djegnostic apparatus. Accordir:gb•^ by using pad of 
the basie strnoture shown rn Ftg 3 which ie re- 
moved of tdo probe 21 dadicetad to u^raseofe 
and da rotating mechanism: ££, me trans- 
m'^asoo cootre^ tircmi 23, the tree^mitl^igneceiving 
emptittor -PA end the receiving foone aroud .SS, an 
ostraeoojc put^o echo tomographk; *rnage necea- 
aery for poe^sojdng an Irradiated object can be 
#a obiairjed. But, like th^ orfnary linear scanning type 
or sector seanning type pmba, this trensdocor can 
Imago only a mmogram plane which extends in s 
direct ton pereM to the me^dr akla. Slhea the fun- 
daroof^tar wave genen^i^g eiemersts eiacaio&5iy 
^s eonnectad in common have a width in the mmt 
aide direction which to act to bo about: twice a 
Width in Ida rnioer aide direction (a direction or- 
thoponal to the aoay arrangement direotion) of the 
sieoond harmonic wave generating olem^oh a fan- 
es dsroeotaiE wave ^pot and a second harmonio w^vo 
apot B^pand ^ebai:sntia^y eqeaiiy m iho ?oinm sk^e 
direction on the fecal plane and tea generation of 
<:avitatioi> doe l:o the syhergi^ic effect of the two 
frequencies can be carried out elaelonth/. In tho 
as paet? Of the present configuration, too, the fpO" 
damenisi wava and the accond harmonio w?^vo ere 
synthesized m a medium and the Iwo^regooncy 
wsves giro irradiated eimui^nooosly oo enty the 

to 
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^oin^:.#t^:.-^-aii m?m tbe^or&, by se&tbg.e 

foeM point: en an irradisted : objecb eayrfcatson pan 

e%ien% be §.^w.ai^' tm&ly mty- m the vicinity, 
of fpe&f' .pof'nt: In an spptes8a^ ofsooo^herni" 
cM m&ctkms 'odoced by th« eavSataorc to ihe tiwa- 
peutio purpose this ieade to an s.cly&htage that 
.tho pmmtMy orpfoduc^^g skfe affects at a potion 
frdotslly' or backward^ away from 'an' irradiated 
0b|0C« e&n he sohe&otiaiiy MMinalM. 

Retemng to Rg>$, an m$mpte Will be de- 
scribed in which by irradiating aitrasonic waves by 
means of this ultrasonic irradiation apparaies ooov 
prieed of the uihmonie it ansdueer of Rge,4A and 
40 and having the overa^i configuration of Rq 3, a 
SQ^o-cherriiQai effect are pr$$ifc&Uy §&n$ra^ 
with efficiency ItV-ah &i$*&&m sofotfe fai &xp$(h 
moot was conduced for a ^cincJ^h^iTSic^s oaacftoh 
fry vvhich ^oi^CMiiar iodine waa ra&assd irom ibdici^ 
foes foy oxK1ster> An aqueous sofotion of potas- 
skim- :so$d& #<M$d w®\ ehforaJ hydrabe was poored 
m /s.feeHoee made $i polystyrene (having •higher' 
eansparency for yJfr&sound than Placed at 

the local point th$ focmmg ty pe uitrasod^ '^ns- 
ducer and » tSKSsfed with eUraaoend. Concentration 
or r&teased iodine was d$$o^lned fey absdrbaoce 
and "®\0 rate of the son^efemlcai reaction was 
de&rroined from tbs sbsorbance. 

(n Rg\& the sonb-eheroicaf reaction rate ob- 
tained when & fynd^monisiwav^ of 750 kHz and a 
mcmM h&tw>mc wave of * 5 ft^Hsr are jrmdiated 
simutianeoosiy whife lho sum nf power feveta of the 
iwo waves being kept to l>e oon^ant ate ploffed in 
relation to the reiio of Innd^ni^ofar wave powof to 
total oitraeonic power. *n that case, the son- of the 
iuBd^moruai fo^ueney oiuasonic wave Inimahy 
and second tornbnie oitraaoond: intensity was 
abbot 30 Wfefttf* m tt?e y&Nty -.of the fooa? po^nt. 

. -^nOirC^m^ r^actior- ra^j to tho tun- 
danwntal wa^e or second h^rtnomc vvavo ^on^ 
was ^ero w^hin exponmeni^i: wtw range, tb^ 
syner^^c <s^ct obtained by the simultaneous w~ 
rad^anon of the two wav^s remarkable, mti 
Mspscimi* U0 . ^ho^m^- reaotlen MU m& 
ob*&oed as a of the f^nda^^i.^^^v^ power 
lo tf>$ ioW ullrasonid power wbicb p&$ from !o 
0.0 {funO^rnentnb weve^eoehd harmonic wave « 
1:4 to 4:1). 

Referring now to Bg^7 to SO, an embodiment 
wlil be desebbed in rira^er de|M wbe?ein wav& 
Iran^iTtitter elements uss?d for tra^^mie- 
ssOfVf^oeptiOn of the Idod^roeota] wave are sben- 
tiioal to those used for fran^miesionv'reoeptlon o! the 
s-scond harmofek< wave. 

To do : $onbe eierbeot, it is termm 

of a ppe^oe^eetrir; fnatenai or e ma^n^ bavbitg an 

soo^tiC Impedanoe eqo^t !o fbat of the pteoefec- 
tno. me^edei and total jhk;kness n" set te cor- 
mepond t-c* a mil waveii^ngth ol the fondameni^ 



wave ao that not the fo&bthfekoees boi a parlia: 
thiokeebJ? re-gbr* may be driven pteeeieotdna^y, 
thereby roaldng me transmitter e?eo>eni active at 
both tha fundamenlal frequesicy and the second 

a barmeeie .which Is fvvice the tXindarn^ntai ffequen' 
ey. Thi.s e^pedfeht ^s fer ayo^ng sooh jboonve^ 
r^enoe thai the wave fe^mi^e? «^n^f becomee 
piesoe^octncaHy inactive at Iroqoeneiee of even 
0>a&pkis of the tunrMn>enias jesonanoe freqnenoy 

io ii the thio knees <*$ a whole is driven piexoelec- 
trieapy esj in the ordinary .f^jz^tetstk: • «%?>oot: 

Also, the drive cironif to be epemteo as usual 
wiin a drive waveform in the fomn of a srne wave er 
a reclanguiar wave having §ood symmetry is m- 

?5 seiiable to generato r^tnaiienio waves o? freqeem 
eies of even monies from the pie^ee^otric vlbm- 
tor element booauso ^he drive waveform dees not 
oonfcain ;.^.®qMen^s of even mitstjp^a. df the tm- 
damentai trequoncy end therefore *S ie mmmm ^ -i o 

.?o contrive a dove eireoit which la operated wilb a 
dbve waveform in the form, of a waveform oentain- 
iog intended frequency cornponerBs . A t:n5t e^pedi- 
enbis such that when a rectan^uiar wave is osed 
as the drive waveform, the ratio between times fcr 

ife the raotangula' wave to s^ay at h;:0h and low two 
poientiai fevob ia not aet to 'ibe 1:1 m the osoai 
oa^e but is aet to be asyn'itTietneai, A second 
expedient ooneerning the; drive e?n>o;t is eoeh tbat 
in p:aoe of a. recfaogo ; ' : ar wave> a eawtoofb svay^:0? 

m a sfepned wave emulation, the sawtooth wave ia 
used ae the drive vvavafonn. A fnird expedient 
ooncarninQ the dove mztM is snob that a capaoitor 
and er« ioduetanee an? added to the pfe^oe^eetbc 
vibrator efemenl to form a resonance en v eoit which 

a§ reeonafee at both the fendamentai frequency and 
the second harmonte and this reaonanee oiroui? is 
driven by a dreoh ddvee ai the fundamentai fre- 
quency and by a oirooa driven M ihe second 
harmonic. 

4Q In eenneetien Wn1> a pteoeleobin thieknas^ 

biator element formed of a pie^oeleclno matena! or 
a o^at^jrifai havir>g an aeouat'c impedance equal to 
that or the ple^oefeotnc matehai and having a 
thie'ki'iese of a .h'a)? wayeiength of the fondamenbi: 

^a wave, a struoture aa shown in Fig.B ta ooos^eiwd 
whereiri a region eorrespendinq to an aeoeetio 
thic knees (a thick f^ess oer recced idr nomoniformfty 
when the vibrafor eiemont m net uniform for the 
aonnd speed of the resionance mo<!e m qum$m} of 

aa measored from an end is dnven pfesoeieotdcally 
Oi tt>e ple^eeleclric ^tmmon5> a person 75 drfeeh 
pieaoejeetncaiiy and a portion ?S not driven 
pie^eeieotricaiiy- are';irnitod ' acouaiicaiiy: : :by :aimehng 
or by naeana of a higminlensity bonding a§ebt In 
an oKampks of Fig 8, .an efeotde fieid ie ape^ed 
across an eJecirade 74 eoyedng the portion 72 and 
an efeptrede The ppnlon 72 covered wifh the 
electrode 74 stands for the person wh;dh is not 
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<|?1 v$t? $j$^$cfei oaf .1 y, 

?v ®Kb*bifed by this pteaoareotrk: vibrator fo- 
ment at ite I'lMarn^l. frequency and tba second 
ftarmoeio are oxprossed by 



whoro E a' p$nst?in:t d^tbrosfnod by :ho matadal 
and the to.. The^eua: stmotora in whic:h tho who^e 
thickness Is dbveo payees aetnoafry CQFpspon^s 
the casa of - | and in thh. case, horn (Ec^alron 
1} and (Equation « F a*"*d c: ~ 0 stsrsd, 

ihtiteatNg ; that wbife 6m fiMd&m&ttiiat wave can he 
cohvadsd, the second harmonise wave cannot bo 
cobvarfeb The: reason is Mcawa^ under the reso- 
nance ^^^^^/'^'c^^.^^iT^'^i vvbae .a. haifof 
Ipo thickness is distorted m rhn cimpmimknr dkeo** 
%m\ the m^foing halt ie required to be ■■.^stortsd 
Irs th& axpans*on direction -.but ^krsiructoro is ah 
fewed lo be ooven in only the? mode in -which the 

whofe thfc&Paso ra diatofted noaorroly sn the corn- 
pnaasson direetioe or the aKpansibo direction. Coo- 
tradh/, for ~ >vc - *i ~ 9/1 OF b> obtaioad 
■tmm (Seoattoo 1) and (Equation £h sndfeabog that 
the fundament? waya and the ac-cx>nd haovscnJc 
waya can both ba convoked w&ft the aaroe conver- 
sion sfi!d?$ney\ 

The drive wave jam* -Will, now be deioedbod by 
f#fe$ng- : Km !o the case of a roctangussr wave:. 
Powor and po-vvor f i ot the fuodamaotar fro- 
qi;enc y corn potent and second harme^c eompo^ 
nam con^oad ?o a ioctohgj-^ar wave in which the 
ratto botw^n timoa for the i©et§ngujsa wave to 
eray at hi go and fow two pntanM *s ft:(t ■■ H) 

are pxproeoad by 
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£.< - iF?4) aio^ {4} 

whara F ^ a aonsaaot (^eiam^nod by a dif^arepdo 

mtmm M®. htgh and two: pot^otia? loves s, that 

so, the art<pii : aida o^ the |j.ko,. Tho u^ual rectongu^ar 
w&yo havrt^g 9ood symmetry cqo'O^penda 1e the 
case o^ ^ ~ if£ cut in |% case, from {Equation 3) 
«od (Eqr^ation 4], ^ - F end .£* * 0 stand, 
indicating thai the fundamaoty Iraquancy 
nent is contained buhlho seoaod harn-ionsa conipo- 
nent not contained . Cor^rarily , for 0 - ^/4 : from 
(Eqeatjpn 3} and (EquMlo^ 4h fo - F/2 md ^ ■* 
f?/4 slahci rndjoaling that a Wm wavel^rm cdntatin- 
Ing bc^h tho ^rndanioniial feqnoncy oamponeM 
and mo aecond harmonfe component pen he oh- 
ta^nod. M lhat im®; tba raagnftudia :".ol £i \& mm* y 



:hle^i the ease ^here a sawtooth w&yo or a 
oteppab v^jsyo m?m ktimg fho oawfeoth is oaod as 
thp drive •waveform wilt he deaenbad. Snoe it :c 
wa^i known that the sawtooth haa froqoaocy 
cornpononls of mm rneiSp^s of the tandafnenta? 
frequency, the amppad wava esrnuia^ng the 
sawtooth we^e be doeohbed harem fa greator 
datarl. Power ^ and pawr ^ ; of the fandamcntaj 
■f reqeoncy eoniponodf and eocond harmopja cm)yr 
pohent centafnacl m a stepped wave as ahowo jn 

Ftg/:0 m whiah the ratio bohvoeo Jkoaa iw the 
ateoped wave to §tay at either one ot bigh and 
two potential Pavels and an intorn-iodiato po^anha> 
level - 7} are expr^asf ed fey 



>-C - OetfT 5 - (>ry/2) 



iO- (6) 



whoro G js a aenstani daraoniaod by a datoronoe 
babvoen tho h^h and iow two potoeita! Jovefe that 
:is, iho amptod^ and fho riko. The aauai fectanga- 
tar wave bav:ng §ood symmetry oo/rasponds to tba 
caac o? y ~ i but In th^a aaaa, from (Eqcaaon 
and (Equation 0), m - G and m - 0 etand, 
indic^og tbat tna tanda?nontaf Jroqoaocy oompa- 
mtit le eonta^i©d but th© ^oeond hamx^n ic compo>- 
oent ia act contafnad. Conirac • y . tor v 'f t/2 f ^ «' 
.Ci ::: F; ; 4 is obtained from (Eq : ija;k>o 3} ano' (Equa- 
tipn 4). indfcahnQ that a dhva wavefomi containing 
the Toridafnonla; b^uonpy aoniponont and tbo 
aacnnd harmonic component apna^y can be ob- 
iaioad, 

Aa ahown in Fig.l i, whan a circa:!, m whfeh a 
dapackw Is connaotad in parage! wtn a piozoefe 
the vjbnator eiorneot to provide a total oapacliaoca 
C (43} and naaidaa inductanca:? L (44} and Mi ■■$$>}. 
and a capepjtanca C arc ada:ed, can bo as- 
aumad to have tara^aa^ 41 and 42 coooocfod to a 
<lrtyo aa^oit having a s^jfcamffy iow ootpui hnpod- 
anca ; ^ectnoa! smpodanoea Zl aod Z2 aa viewed 
^rphv tho t^ntiinals 41 and 42 can bp axprosaacl by 

2x ~ D/(i ^- * - CL.) (7) 

wbara ^ rnpreaents angular volocrty and 

D ~ i\ > a 4 # >f u^ CL e ^ 0^ U M 



ala.eds; whoa j ropreaania imaxiinary \Mt f or p, ». 
1^ and > - 0:^, from tba above Equatsona, 

Z< « DVt t7/B-^CU (10) 
& ^ 0^9/16(1 ^^CL)T (11) 



ro 



21 



EP 0' 813 104 -A1 



9t> 



are obtaiinad At. that tjmSv ^-^xlsasfevof.^i^gw 
12), Zi and 2s are both m*o*ratesd when ^OL ™ 
Sf/§' : ,pr. h $tber : wdr<k : , :st pihdiat can fee bbt^M^d 
which ik- d^araoteriehc 6f resonating &{ two im~ 
gueaoiae 'mmg at a. rs$o of i& On th$.&a$& of 
(Equation 11), Zij: and 2? ara ma^rai^ad M <£CL - 
i /'/$ and 1 : m$p®£&v%tf e and themaxe ad- 
vaptagpops to construct fch® circuit seen tb&t 
terminals 41 and 45 am dfivaa at the fundamental 
frequency and the encaod narmqntoy respectlyQly. 

Tho- o^arasi configuration pi m pmhodlmmt of 
an uHraeahic irra^iaton apparatus ^conrdsng to th^ 
present ir1y&ritio*> using tha wave transmitter eia- 
meat contrived as &fo&m and having a function 
monisoaag the acoustic saltation generaling posi~ 
•lion is e&ow m BqJ, the configuration of eiameat 
ddve ciroutt unit is sho«ri> In FkpA2 and 13, and 
tho configuration of a&raaonic tf^neduaer end la 
abawn m Bge. t 4 A and 148, 

This embodiment is idanhoa* to the embody 
roanf of Fig. 3 vys-h -he axoapdoa that tha wave 
transmitting alaraeni ia- usad in common to the 
$tt?&l&t$0f$t8tf wave, add fhe senono harmonic wave., 
^formate aoecarhjog uUmsoak: tr^d^lion Uwa- 
pmim strategy input tarn :key Input raaana 31 to 
m kt^s^txtiM fftain control drcpit 20 and on the 
basse of I he Normal on. hmdiatkrn ?nc arcade eig- 
oa!e tor deaning: ioeu s pas it ion s/aeau s t ic preseare 
dietabutioo form? are applied tram the inadiaaon 
unSt pon&oi Circuit 2D to a dhve phaaa gan- 
aratiao airauit PP Phases tor drive of transducer 
laments for irdsdiating tha ganaratad fuadamoa^a: 
wave ar^d saacnd hanoen?c wave are appear! k> 
ddve aignai ^aerating araeite 7-A to y-H (N Wing 
tha i&W mmb&r of traa$aiaoof iadoanndoat oia- 
monte), rospac1?velv\ Control a^paals for drive 
pi%de§. of tha ^'adamaatar wava sad Iria sacond 
harmonic wave aro aapp^ad fern tno IrradMo^; 
unit mam aantn$ aucoit <?0 i:d tha driva signal 
^aiwati^ arouita 7*1 to Qanarated drive 
$go&fs am sappliad la aiamaa; drr^a cn-aaitS, 3-1 
la 3-K\ to drive a group a? transducar etomanls, 1-1 
£cn 'for irradsatuaa. Tha driva arapfedae can 
si^a ba corilro^ed e^aa)^ app^od rram the 
tedsatioa no it oantrai cacnd 20 diracllv' to the 
alomaai dnve assrcoits 3-1 tc? 3-N s tjw^by aaaunag 
Meady and aaay oi^re^oa a? f raergaaoy ^top of 
ufirasoak: iaadiatian apon accuaanaa of abnorrnan 

FkjsiS ahawa the eaanguo&ian of a clmuji of 
aaa adamant of tha afamoat . dr?va circnita. 3-1 to 3 • 
H r and Fig 13 sSiaws tha 'xacnfignrafcn ®i ..a push- 
pa« typa awilautng a"*rauit f ferrajog a part or the 
drpuit ehowa fig. iZ, pntont potif. of a: fnn- 
daraantal v^sya ddvar 4? and a second harmonic 



wav-a diivar circuit 46 are connected to aaah a^e- 
mant through a osrontt whtch haa iho basic aeafka;- 
ration of fig.it aad whiieh ra^onafea at tha f'urv 
damenta^ frapijpney % and the aaeand harraanic 
a 2f C v {a Psgnr^ oapaditaaca G and induclanae L 
aat op a oarnbinaaon which resoaatae at tea ton- 
damoota! tr^noncv K> tn athsr wtx da< 

<2-^CL ,* 1 (1 3} 

stands. 

A switcnfog airaeit m ^ ao caaf^arad 

that tha oDnnentioaa .of a aonatant patea^al eaarca 

49 on tha tow poteatlat atda {m Ms oasa, aadh 
;s potentiah and a constant potential saerea 50 an the 

high polon^arsjda to m oetp^a larmina! 52 are 
switched an and alt by a^aaas of switching Ola- 
operas 53 aad 5 ; t ; raspaativa:>n The oua>u! ^r^atnar 
52 is aonnocmd through a aapaaitor 50 to ae^yer 
only AC coi'oponaaiSs For stab^tsatson of powm 
sanpa' patanhal a capaoilar "a^ h conaeotad Pa- 
twaoa tha coaataat powers & aoarces 48 arid 50 An 
'mpui Wmmi St sa connoctad directly to a gate of 
the e^tohn^ alemaat S3 on the gna^-nd patanhai 

ife stdo bat ts aoanaclad throa^h a capacitor 5$ to a 
gate af the awitadrng a^emant 54 an. the hot paten- 
tia: side. DC leval oh the gala of tha e^itcrh^g 
atemaet S4 is captra^ea by tha aatan a? a Zeaef 
djoda 56 having a Zener ;-x:<tantiat loval of a gafe? 

m dr^va skina? amplitude {the dia'arance between 
faa^iauim polaotial aid ay;aimun> ppteatiaO each 
that ttia maximum pataai^ai di the gate drive eigoa; 
equals the ■ aoteatiaS of tha constant .potentrat source : 

50 on tha fa0h ^tanda^ aide, In order ^a pravaat 
a^ n-inaway or the DC lavaL a raoistcv 57 is aonnao^ad 

ia paratia: with the Zenar didde 5^. 

The ■ trnaaiat^oa tianaanco" aoafigercd ol the 
group c^ aloa-jorns 1*1 to 1-N apara^as aiaa as a 
racaiving traaaducar for aetectba of aavttat^oa ^en- 

4Q orated la an irradjatad adjaat, Signal raaaEvad by 
the iadWidea! eferaaota are ramovad ot aemix?- 
nerns at tt^a trradiahon signa? band by maaas of 
dar^d-rejact tiitara, ^-1 to 5-N ; than lad to r^caiviag 
ampi^iars. B~t to $«n, s> aa to be amp^red tham- 

^ by raid applied to a racamng tdaus airaait 13 
8inp0;.th-P Output port of each pi tha esafaeat ddve 
circuits %?\ to is coanacted to the tow napad- 
ance airaeit through the raeananca OJreu^ operative 
ta rasenata al jhe ^oquaacia^ % and '0* as d<§- 

$q aadbad abova> tha output Npedaaca of tha ddva 
circuit vvjsi aot act as :a ..stent at traqaenoiae da- 
Uuriad : tram tha raepeat&o f ;> and SUM jntarfero the 
faoaiving eansitjvity, 

Dieplay ot aa oano ton>O0raphia Mw£&. &y tha 

ss array typa' Irtin^jYi'^r/r^ceKw' proib^- S <: 1 dedicated 
to uitraspnic imaging and motion due to braathia^ 
ot tua obleat ppitian can be dea^ mip m .•the sarae. 
way as * hat in tha emfx)dimaat of and will mi 

■ T3 
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^ daachDed. 

Referring now to Figs 14A and 14B. ; iha dsi- 
!§f§^s between iba oitresonio Iraneducef m& of 
the prosanf $rag^ifn$n! and fh^ ultrasonic ^sns- 
<Mm;: unft shown in BgnAA and 48, A diagram 
Bg 14A showing the i?t^tf of tho transouo^r as 
sesr* from below and tha eieo>enis assisted .vsS'lh 
part of peripheral -circuits 1e the sama> 

In a pio^e^ectrsc &tem$a£ $howt> i$ F«5<14B, a 

of 1/3 wavafength of fho fond amenta i wavo ( ~ £73 
wavesen^th of tha second hmrro^ic wave) is 
Wrongly bonded, by a .bonding ag^ot of raiadvaSy 
sm&& m^mai expansion coefficient a plate 
which is mado Of %5 same piasealoctdc cosmic 
matenai balds o>acia do ka assariMy pia^oeiea- 
tdcsily fnachvo by shofK:ircuiting eiactrodas or 
without applying the &&sfrp&£ poiarh-ing process- 
ing apd:wntcn has a thjokoass of W- wavaiength pf 
!pe Icrsianianto* wave. This piesoeieefbcafiy lose* 
live plata may afao be msda of a pio^ooioothcaKy 
inactive materia* such as ?:i?x: or eoppar having arr 
acoustic impedance which is approximately equal 
to that of the pk5zookx:inc ceramic. With too eon- 
1i^i$ns&&i aoow^ an uihasooic vibrator element 
having pteneioofnc aehVhy at bosh the fosqaancids 
of the fundamental and second harmonic is rs* 
&izM, i\km>0m of tha drawing defers oniy m that 
the wave fransmittor laments 1-1 and 1-2 are 
depiofcad id^ntioaiiy in fhicknass 

Evan mih a atojctars in which a spoerical shell 
33 forming pm of the housing is not made of light 
a|?oy bin is made of zsne or copper, having a 
thickness of 1-6 wavetength of the fundamental 
wave and a psezoa Seethe ear arc i o e&rnent having a 
thickness of 1/3 wavelength of the fxexiamensal 
wave la bonded, the pio2oe!octdc activity can bo 
obtained tho ffeqyanc^a of both the dandamaniM 
and the second daemonic but the structure o? 
Rgs,1 4A and 14B ts siightiy supedor mxn tha wsw 
o! aoou#o ^paratlon between adjacent elements. 

Aeommodsdad In a arcu^ar ®i an anay 
contra! portion shown m RgaJ4A and 148 W a 
pids:a ^:Oho tfaaBrr^h^ooVocoKo? proi:>:$ 21 dadioaiod 
to a^msPnic :ma^o§ a^ m ^ho case of Pige4A and 

Fj^viS ahovv$ an ax^n^p^ In which &'?$cferf^' 
iser array b usocl aa fho t??tra^onic transducer Mmt of 
th^ prss^ni enibodlnian!;. UNs \Ym msalion or 
Figs.l4A and 14B to B^e.4A and 4B, tha drawing 
l^us|rMk)h fa thfa caso ditflors from Fig$ Odly in 
that wava tmn^nsttor a^ants M to v-2 arc da- 
pi;otad idontic#y ;n thickno^a. Among the groups 
pi pf^soef^ctrjp ;p^emant$ 1-1 to and S-t to 2-N 
and 3-1 to alofnont 1-1 to t-M are rn^tua^y 

connacfed a^ctrieaJsy to Urn cm mpt>tt<$mg eia- 
mcnts;, 3-1 to B-N, l^ut/oan- ba dnypfi at diffaront 
phaaea re^at^e to- the 2-1 to S*N> making 
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it ppas'ib jo to mpya tha ;.f<50# point m ^ha dopth 
dlfoolion aonording to fho icoaalng a^ong Iho minor 
aide. 

in tha foroQo^ng, tha mmli oenfigarat^on oa^ 
pa&io of wprnmpmhig the sacond hannontc wa^a 
on fhp fundampnlai wa^o in a .daarrod pha^o rola- 
lion iharato at & da^red ^npiitoda rafio »od the 
apparaios configuration including tha sama havo 
Paen d6acnba<: but If it snlficas.- -hat the 5 iiniila:ior> 
\$ wlm$$ to allow oniy a aecwd fmrmm w;aya 

hosng In a constant phaso raJa:^oa to ihp inodamon^ 
tef wave to Pa ^upanmp0S6d thereon, the aopedm^ 
passion of tho socond hannonic wavo can bo of 
faciad with a ai mplar aircaft can! igurat^on , Whan a 
wavofonn as ahown m Fig.9 \$ doslrod to ha op- 
Isined as a m$xi\t of the aupanmpoaitjon, "that. 'is^. 
whan tha socond harnionic wavo s:jp^j?1rnposoc^ 
m ihe foi'^damaiaai wave .fn a co^ina-waya \& 
aino-wavo ralation, the oush-pu^ typo circuit as 
sho^ fn Fig. 1 3 may he a sad by one ckcoit par 
alemont- Mamely, whan the two awitohing elaments 
S3 and 54: oonstlra-ing tha pash^pnif typo oiroufl aro 
canlrolied eoeh that a atsSa of rendednQ 53 an and 
mn^dani^g 54 off and a state of rondanng off and 
jBndenng 54 on are repeated, an a^trasoand at the 
fondamonta; ffoq nancy and an ultrasound at tha 
^acond harmonic heqaeoc^ can he irr^die^ad i a 
time by contmiiing tha ratio botvvoon tfmaa tor tha 
wa^afono to $tay at lha ra^peotiva ata^fea to a rafio 
which is not >; J Pet is of an unagoa^ rafle such as 

Whan a waveform as shown hi FigAQ is de- 
simd to be obfalnod as a rosoit of the sapohn^ 
position, fhat is f whan the sacand harn^ohic wave *s 
dasirod lo bo aapohmposad oh rho fandaaK-ntai 
wave : ; in a ■ sioa^w&ve; le sina-yrave pha^o reistio:n, : .a 
.plrcuH. conf f guipf ion as shown m Bp.i t$ is noadod. 
Or^a circa R of tJv^. type ?s uaed par' efement to d"nve 
tha plo^oeioclric vibrator aienvanh By conte&ng 
gate input tomntnai^ B8, 65, 88 and 87 of ddva 
circuits composed of sw j dching asamont groups £4. 
S3, and 83 with 84, th?oo groiipa par pfO^OO'OCtdc 
vibrator element. adapta<l to switch on and off tha 
o&anbai connopnoiV bMwean raspooti^a thnao cpnr 
atant poianhai sources €C\ W and 49 and tha 
pio^ooioctnc vibrator oiamooi in acodrdanoa with a 
iirne chad shown m Fsg.l 7, a dhya waveform hav- 
fng steapor dsn than f0 shown in Rg.11 ^ n N 
obfainad as an OLttpni waveiorra ai: a termini 52. 
By changing tha hma chart, a driva weveforrn can 
aiso bo oPfaiheo' wtiich is stoapar when faiiing iban 
whan rlaing. In contrast mm the dsaa obtaintng tha 
drive wavakjm) of Fig. 17, in which iha gate inpaf 
tormina^ 87 remalnad off < tha gate contrpi ohterrn:^ 

55 nai 67 simi^af to 'that app!:i:ed to tha g:ato inpat 

ierminai 08 in the case of F%;17 is carhe4 out 
According to the cfrauS configuration of fig.16 v 
$inca ^ha drive waveform which can ba obiained 
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>#i cheutt o^f^uatlOii San of course 

^Mn®4<-&ip'0;-#&?i -.slford to proceed basec! or* 

& second harmonic $ ape h m pes eci wave wl^cb is 
deoaebty defined In M : \<m&% phase f&tetfea, Tho 
mptei imiTiinal 0? is connected directly to a gate of 
i$t$ : #itc&ipg £l©mept 83 fcfut the other input tfiHrnj- 
nab$ 65, 86 and 68 am eew^ted to gHdes of the 
ewitchlnct ekanents 53. 54 and 64. reepechvdy v 
*ho>oo;h etreuitsi steilar to the ga«e psriptesit Circuit 
PHhat $mi$mg M$m&v$ m m F^ \% krpmm to 

prevOofc currents <*? avvifchinp; eiemante 

03 and 04> these elements am connected Sr? eenes 
vvstih diodes 01 and g£. 

!n the foregoing so^oodinnent an ^ampfe has 
been deechbed wherein an es®drbo$c enaoninp; 
type array transducer being eoinpJioaied in con- 
figuration but considered to be excellent fobgonera? 
purpose %m i$j employed as me ult^^fe bane- 
dueer: but the application range of the present 
invoolson ?s notdsrnhod thereto and may &fe0 be 
appaed to a smgte: focus reaeuaL seaming type 
trensdoeer m a asngfe focua mechanical scanning 
type transduce m e-xamp^ of wfc&h ts shown in 
pactional iorm m and a non4oens type 

plana Wave transducer an ax&mpie of wh*oh Is 
shown Id Motional fDim m Fig. 10. In the Rgurea, 
an eteeaode 73 Is connected to a coaxial connector 
76 py a *ead wtna ?5 A housing 77 made of a 
m^t^ of ttlgh thermal ooodnebvity such as copper 
or aiuminom is provided with a water conduct 78 tor 
eooHng !<Kf$pHve heat generated by the pfe^oe}&c- 
irfc device durthg uitrasound generating operation 
or. If necessary, coot an object iiTadsaiod with u^t?a- 
sonlc way^. In Bg;i8 c the thickness of tbe central 
part of the acoustic i&m 79 rrtad^.. : oi : mdgr&$&m or 
a magnes^ bo a 1/4 or 1/2 

waveiengtb in the runde mental frequency, thus :n- 
s^nO0 h^gb e'tcl^hcy, >s Fjg.i^)^ iho Ihjokn^^a ot a 
%t pfefe 70 made ^pht s^etal aucb as magne- 
siism or ajumjni'm ^ ^ot io im & I'M- or 1/2 
wavafen^th in the fundamonle^ frequency, thus in* 
exiting Nph efftoi&ncy^ Tbe th?ckOBSS of a opoh^s 
portion of I h o acoueho looa 80 in B§ M rnada of 
0^gno?:iOfn or a magbasl^m-d^od as Joy is sot 50 
mo^aore Siro»sy: 

Convontionally, id tho oaso of the piano wove 
fm ^\iich & high uW^pnit . telm-sity Sova! ^ hsrdty 
obtainocl, It waa m elf eat ?meo^bio -to ganerata 
c-wif^ion sn^fiok?:^ tor i>oHc:]k:o} usa ?n a noo-sta- 
ttooary aooua& fiakh bJt the aecond harmenie 
vvavo sapohrnpo^nri i'nothod of Iho pfesont tnv^n- 
tian sii-oceerjerj m n^aklnr,} tie geharatidn paseibla 
Tflrpugh Ihts, even when a p^ono wavo irart^uoar 
m ahpvvn in "Rq 10 waa appirad od tne aurtece of 
tho; bedy or nood dobeg 3n 0:^ratk>;n, thorapootSo 
ehepta ooukl ho obtained. Further, even Py iov 
planting a noedb-ahepod tranaducon m msmph 
of whifch & ^hpwu in aochpn^i foro> to Bg 2D, tn sn 



a^feciOa partv tharapan^ic electa ooufd he obtained. 
In thia oa^rh too : opn%|MmtJor:- : S«'bh. 
t^aaouod is rathef di!fo$ad Py a tip eootca) pad £i 
rnade of rnagnoafem or a m«gnaa5Mnn-baaed ^^oy 
a Whan toss ultrasound Pe^rori 1o bo ptm^ntmi 
from b^ng diffused, the tip oonioahped 81 play be 
m^do ^ a :TiatOi^a? oxhihijjng a m^tjvoly ak*w 
$:onnd §peact 

In $m forgoing, the ombodsmenta hoYO Men 
deaeohed vrhich make the g^era|po. <?1,eav?>tat^ 

ofJiOloos by awperSe^pooing on Iho foodameotai 
wave the s-acortb haroneoic wave thereof hat mora 
o^okot gonofation r>l qav station aan atea W af 
tahmi by superlmpesie^ $ vr&ye having a feudh : 

H aixth or eighth harmenfe of the fundamentel wave 
on the afemmeo^ened wavea. 

Hmt xMm am hodi moots; of the presont Invw- 
tioo wlti be desedbed in groa^r deiast whb r^lor- 
ence to Figs. 21 to 2A 

ao Thpso afrrpodimeotj^ aitboog;h the omt^dimoni 

of :Rq;..i0 m ajmilar m thts point, nottae the; fact ihM 
the phase rotation duo to tho diffraction of foci can 
be negieotec: in near eoeastio iieida of plane waves 
ar-o 1 therefore if P*ane wavoo oMho two frequonoy 

m waves are added to eaoh other in the raspecs'^-a 
near eooustic hokia so that wave bonta of tho two 
frequency waves may bacons psim^et to esoh 
other, then the; pheae relation betweeo :tbo -two- 
freqoonoy waves can ee oondhfpnod tp Ix^advanla- 

m geoua to tho pane; ation of aooast^:. cavitation ever 
a wide rogjoo. 

In connection w^h the u^rasonio therapeutic 
ap^'orotua stondtng for an soioodanen! t>f ihe 
present mventieah an examine of the oeo%urat;bo 

aa of an intrapparativo hitraaonic thorapoetJO trane- 
dueer a nit is ^hown m b^n2 i . Planar pieaoefeceic 
deviaas t and 2t or generating the fundamenta; 
wave and fho second harmonic wavo< rospeotiveiy, 
ere meuntad ao aa to opcose to aaoh ether so 

4Q pmxMl The two pie^eoiectde devices are rospoc:- 
tively Poodod to scoustic matchinp; layers 78^1 a^d 
79-2 each roado of a rn ap^ no s; orn~b aaod attoy wit- 
sialiaient acoustic atteogth. Heat: generateri during 
the :g'^h?$ratlod of nitraaonic wsvps to led trpm the 

^a aconat to matching layer a of hip thermal conductiv- 
hy to honssago 77-t and 7? 2 oaoh rnade of metai 
of h<^p thermal cenduptivdy end is deprived kor?\ 
the dnanedaeer unit: throegh - water - aenduita. ?$>i 
and 7B-^ ton coaling, If nocoseary, tbts ooo^ng 

aa function can ate be for the purpose of cooh 
ing 'Wfa : : v^?$ty of the surface of an afleotod pad 
standing for an oh|ect to he irradiated with yh 
traaoond. 

For exanipie, when m affected pan at a tebale 
1 ?0 of tf)e liver is nam a died, the afeatod part Is 
iitadiated with uhraapoic waoea of the lundamentai 
frequency and aeeond ha^monio ajmuttaneopeiy 
f rom the bet h of the afected part wiisle being 
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'vk&g 1 mid <t T$m/<$$\<}m<* i&W&pn th& pUm$r 
pimo^mMc tfpyicm t and 2 can b& a4us*ab by 
roeana of a parage! moving m&sbgmsm 90 
kaepiag p&r&ffefhsro. The- distance tt$tw$$tt lb© 
aurfaoea of tha acona^c matching l^yor^ 7§-l and 
79-2 of the two p^o«lec;rfe dadoes ael m 
pbaape to b§ an sniagar arusbplas of a half 
w&y$l#gta ori^ lursd&merstal warn A space beb 
tmm aaob or the ivyo mmsm msWkig 

and tliq feMa 1 10 of the? SvOr nay be nfei as 
naooasary. with a jefty having th>3 mmcMc;- 
praasura as the Ijfyjng body to aeatsl ibe aikaaaand 
tt^gf&$a& A eonapacl uhrasomc detacior 21 Js 
s-nonnfad in ..a ana3$ h<?& tor-m^ in a contrebpor^n 
of- the pseaoefaothe devka defeat bigher har- 
monies md Ngbar hmmomcs of subharmonjes, 
th«*a& ha?mook:a being generated \ti £m$&pm? 
mm® to the §aneration of aoousfk; cavitation. 
Basad on eja^otad slg?^s[a ; #w kradsabqn fatanahy 
o? Iba fundamental w^v^ : and the second b&rmonkr 
wave h adjured m the arorerraxifioaed dfefaace 
betwean isle spaces of- the. monastic ^aicninQ 
sayars 7&'i and 79-2 la adiastad Isnaly for the 
p rpoaa of altai nlrsg <>pf i Nation, 

Fi:o^22 : ahows an e*aa>pfe o" aa intax-parariva 
aitraaoniia ther&peabc tranadaaar arat contoured to 
generate fba fundamental wave and the second 
hsarnoak; wave ajnuriiapeauaiy front a s*og;e pieao- 
ebcfnc devsna *a contrail to Fig 21 . 

A refteeboa pi ale 92 mada of, tar example^ 
staial^ss staeland having a tascknaas ot an mtagar 
rnalttpks of a ha?f wave=aeo;ih at the iundainoaja^ 
Imquenw wavo Is moantad in oppose pl&n&r pb 
ezoeleonio devieea for sbnet&naoas generation oi 

fandajnook^ vv&ya mzi \M- aecond bannan^o 
wava (71 and 72; thay bava tHn aamo ^enfigura^dn 
m Ibat axp^^a^d jo cana^aban wl^a Pig,B) in p?if- 
aiie? ^harata. Tf^o plar^ar alaso^ladba- davjcas afa 
boadad to a tbfcknas^a vibrator abaianl pbb 79 
mada of a rrvs9r : a^arr ; ^basod ar alumamm^asad 
alkiy anci having a jbiokaasa of an M&gar a>aibpki 
of tba half svava^an^th a* tno fandaa^anta? wava, 
mih sulbOi0Pba<:pnstic: ^aan^tb, For osaa^pio, wt^aa 
m 54!actad p^rt at & \omt& ! 10 or' timt h 
rarnadiaci; tha affaarad part ia iraiCJiaa.xi wbb uiim- 
soafe vv^va^ of tba fan<laa^nta^ aa^aaacy and 
saaond barmonfc arraultanaaaaiy fma> tha plaaar 
pia<;oalac!r^o devk;a« whila plaaa^g tba c-ataotad paii: 
b^lwaaa tha pfaaar piaxoaiaot'do davlcas: aad tha 
rafteotjan ptsaa 92, Taa distance batwaan tba 
^anar pie^aafeafrfe davteaa and r^f laa^an pfei® 
M can tja adjjastasl h$ m&m$ of & pmM& moving 
maohanism 80 ^vhlfa leaping tb?& pamf Msm : Tba 
diataaaa b^^aan ;ba aadacas of tba thrcknaas 
y?brslar atoent $&W'T$ and fa-^cban 92 ^ 
sal: for opgmfe.stion s^riariy to tha afaraa>antbnad 
distanca babvaaa !ba auba^s of '78-1 and 79*2. 
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With M$ t$0i$mWm> aeaa^fc ftalda sd^tan>- 
ti^Sy a-^aaf ta iba &anfenary ^poaatso sat ap 

batwa^n tbs ra^paativa tvvo pfenar ^aaoa^atbe 
daviaaa 1 and S and tba ^spaobva two aaoasda 
8 msiahinQ Is^ara 78-1 and in tba arabadaTiant 
of F;^ £1 can ba faamd batvva^a tha th?okna^s 
vibf^ior afemanr pM® 79 and !ba raflacfion pfafa 

Sinca tha raf^aotiaa piata S2. aan ba dasiga^cf 
to ba much ffihymi Iban tba bai^fag 7B-2 0t piaaar 
to ptezo®\<$$lm davsca 2. Mm aa^^ddtmabt i$ snpaadr 
m t.ao po}ni of of anO'anpaa^ va uaa aad m tbiia 
raspaet tha coa^^ur^jon at" Fig.22 -in mora advanta- 
gaoua tbaa the aan^guaa^aa of Ftg ^1 . 

Tba intraopars^va. at^maaaia tbam^au^a traoa- 
16 daoer ahowa ai Ffgi?1 c. ; r 22 aaa aiibabtb^ aaob 
^•anamiitai' adamant t or 2: or e&ch traa$:mb!ar afe- 
rnaat i ib tba oonngaraban of tho abrasonib tham- 
paabo apparataa of tba aa>oad^maat ^bawn in 
or 7 to aaaatitub? an a>^parativa aftrasanio tbara- 
>>a pa;.:tio appafataa. Tba aka^sanio daiaotor 21 jn 
Rg 21 :or 22 aarra^pand$ to tha proba 2 1 ia Fig; J 
or 7, 

F:g.23 abow§ aa e>:aa^pia of tba ooafjguraboa 
of a raaatof of an aitraaaaja obarak.as ^aacaan 
^5 apparalas acaordln^ to an araPodirnaat of tba 
present iavaattan. t ^ raacbab vassal 81 la al^ed with 
liqa^l raaataaB or aaaa^alaa ?df aom>obamk;a^ 

i- aaatiaa aa dtssaivad or aaaltorad In tha Uqm4 is 
oaa^?d to tkm la tha raaaban vassal 91 tbraagh an 

.•a> mint 93, and a prod act atamnmng.: imm a anan- 
abamioa? raaatson, also dfesosvad nr aaaltarad kr 
tba ^quld > ?a oaaaad to Haw; oat of tha reaction 
vearseS 91 t:hmagb an oadet 94 When nnaaa^y 
parallat acoasiic matab^ layara TS^l and 7$~£ 

: W: bonaritabag pad: at the ianar waB at tba reactJaa 
vaas=a? 0i ara mada of raagnb^am-baaad ^ghl mat- 
al as In the ernbadimant of Rg.21, each byar has a 

ii- «akaa$<a at iM wavalangtb or of 1M wayafeagtb 
addad wbh an jntagar rnaitip^a of a baH wa^a^ngtb: 

#a bnt wban the iayars ssra mada nf atasniiasa ataaf m 

qtmiz y*iih tba aim of injuring r^wed : 

obarak:a? stab*toy, each ka/ar has a tbk:kna$s of an 
latagar makipla of tba naif waveiangth, The dia- 
tanpa aatwaan \ anar vvaka of the reaatraa vessel te 

4$ m%- to an iaf agar raafti p^a of tba bak wav^ang^b of 
tba kaxian^antai vvava ;>o a:$ ?o a^eat the raaonanoa 
oandikon. Tba i^uatratad axarapia was so destQnad 
that tbia d^taaae was aaleofed to bo ana 
wavelength of Jba fandarnar^ai: wave In order to 

w allow aatbnadas af atabonary wave acoaatic proa- 
arae to oodar not only bo the vidnsty of tba 'itimw 
•w&S but also a central p(Mm obtba vasaah for both 
tba feadai^ania^ wave aad the aacond harnipniO 
wava. Tba baafsguratioa Meaafia?:y sapa- 

55 oar in paint of the geaeratioa of aaoaa^a cavftabon 
i% a^so advaata§oofjs; io tba connotation of a bab- 
ganaratar. 
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$ho*ra a:?vexa?vrpia of th^ opriilQumtoi 
of a reveler of aa ataaoo;e cbaoaeai naacbsn 
apparatus or a frubbie gonoraior ni wbiob the fun- 
damental wsvs and th& second h^m&rm w&w<-&m 
gononatad from a pimo^imMc device at & 

1:inm A pferw : ple?pf b^irfc d^v;o^ ; .capabte ; of.;g^n- 
•filing th0 tedam&hfeal Wave and She &&ond Mr- 
monfe wavsr : ^rau^aneous^v *e bonded, w*th suffb* 
pant aooosno etrangllvto J&ieknsss vibmior efe- 
mant plate 7% wbfeb is m&c& of stairless steel -or 

guana qfaoa : baa a thickness of an integer mpltipfe 
of : :S : halb ^avs>fength of fbo lundamentai vvava and 
forrae part of tba outer well j>f a faction vessabSt 
An puis* 92 opposing jibs tlVjckness vibrator 
^om^nt p^o 79 *n parage* (hereto hss .^thk&^ess 
which is ah;o an mMiple of tbo- b&ii 

w&Mmg$h of the fundamental wjive and- 
a refiecbon WHft this conjuration aaoasbe 
mm&&$&$ oquet to tho statbiwy ;aeoasbe 
Ifeldss eat up betwaon the two acouebc n5aiching 
iay-ers ?0~i and in th6 : embodiment of Rg M 
nan bo termed berweao th@- tftlckn&ss : vibrato?- eia- 

Next, an eiTsbodeuaof of a cieaoin$ apparatus 
lor jim1oi ; mm§ cleaning In a craning tank by bnv 
dfabnq tho iuHdafTionJa? and Ibe Second h&rm$mc 
wave m!i bo d^orlbod wstb reference to Frg.2b\. 

There %m provided a claanfag tank 10£ for 
COntairang a 8qu*d 101 < 'for. pxamplo, & earn ioandOC'- 
tor subslf-^r cleaning liquid containing pore water 
or hydrogen parotide and ammonia, a pke^elaothc 
dewe 103 "ttaylrng. its yilvator a&ment surface bon- 
ded fcr the bottom of the cleaning lank 102, a flat 
Plata 104 vvhscP W bonded b> tbe pieseeieetna 
d^vfee 103: is- road's OS a 0:>Jid ar.at^ rria^ehai having 
aubstaj^^i^ tbo ssn^e ..-.acou^Uc jmpodanoa ^a -th^ 
1-03 ar>d haa ao aooustfe trilcknoas m tho vibratb?^ 
diroctson v^hich 1(2 pi pf 103, wav^Of m 
geoarato^a 10$ and 106 adapted to ganarafa ate- 
Mcai ajgeafe of mscnanco ff^qitanck^ ^ and 2l >; 

roapadiv0ly> o! a oompfex rasoaaat typs tbio^nas^ 
vibralcr efom^ot ^rislih^d by ibo 1(B aod 104, 
^ladfelasl aipaa^a do^varod .oiii of tha wav^orro 
0*mm>i$ : - iD§ and i.0i% :a^d ^ '^piifw dmojt 
1-07 wbicb adda iopsbsf ibs afeoiboai si^^^sa do- 
^varod :mi of tho wavoform ganaratoia t OS arxi 
100 and ampliffes lham to apply AC volt^os to th& 
.p^D^ladlrfe- davb^r 103. With- fn$ con^guratioo, 
opsonic wav^a Iraqaaaofea and 2l<$ &m >>ra- 
d^atod on tho cie^ning Iqu^d 101 contained iivihe 

In tbe utesonlo craning appar&ta§ configurad 
as atev% ?ho v^^tdr" '<e4^^rd'.-jpiaffif' : in. form of 
Ibo bonded pjo^aiactbo dovtoa 103 add *!at p\®t& 

! D4 i vas sl: horannally tb<s ^ama configoratjon ao the 

pia^a^teolda Is^kjies^ ^bmto^ ^o^rit o^plasnad 
provisory in; wnnoction wih Fig:^ and by perform- 
ing axoilsiioo by means ol the wavaforn-i ganar- 



ak>r$ 105 and 108 and tbo amp^ife oirauib i07 : iM 
nindamortta? waw f.^ and the oac^ond barmonic 
wav^ 2i <( . can coaxisi ?n a region 100> Whon &o 
obloot 109 to bo wasbad . for example, a sero?con- 

a dnotor ^uba^ata la pfec^d hi tb : ts region 10B : 
acoiiatc oavi tation *a gersoratdd Highly. #fc^n# at 
a SL::fac$ 1 0S ol : th^ ob^ot to be washed and b>s 
soflaea of ^bo odjoot 1 00 to be vvaohed can bb 
yva§b ; >d by ibd aodnstie oav-ir.a;k>n. 

io Noxt, an embod:b>on^ of a o'ioaoin^ apparatus 
far padorrnsog cfeahlng In a oteaniog |:ar?k by insr 
fundamanb^ vvavo ^nd.tbo wmm : bar- 
fnonte wave fa>rn di^orontvjbraior o^n^en^a ba 
doaorlbad m\h rafarana^ to BqM- 

H There are pmysdod a deanrag tank 102 % 

^Dbta?n iag a frquid 10 1 W afeanibg ■< a pie£0$feob1e 
dovlce 103' having its vibrator elarbeat snrfaea- 
bonded to ono bottom i-orfaces of ;ba ctenrno. 
tank aod being resonant at a fuodamaota* frequan- 

.?o cy % and a pia^ooiecaie devioa 1 03* ' d^poaed er< 
tba otber bobom anftaoa of tna cioan:ng tmk mti 
boifH] reaonant at a eaoond harmomc wava ^ of 
the fe; a^d a waveform gonorator e 06 tor §eoerab 
jnp an aSfXlriea? Oignai having a eon^ponaet of the 

ife frequency and a wavaferm Qonorator 1 06 W 
ganorat^no an eieatbaeJ aigaai bavlag a oornponanl: 
of tha froquefioy 2f :> deJivar afeetbdai a?gn^a ^Nch 
ara arnp^ad fey arnp^nors 107* and 107",, raapeo- 
tivety, and applied to tba pie^eoiac^rio dpv^ce$ 1 03 c 

m and J03 w to vibraia Ibom, tharaby irradiating u\t?&- 
sensa wa^es on ibo liquid 101 for ojaaning. Aa a 
reaab, tbe Rmdameatai wave f rt and its second 
hannonjo wava 2f. ;v can oaexiat m a fOQioa 1 0B. 
Wben an ob^oot JOG to da vvaaha^d, lor o^ampk^ a 

aa aerak:enOaotor anb^trata sa placard i?" tb?:a nagjon : 
acoesbo oaYitatiori is gonoraiod tjiQhiy oifioioot^ at 
the a a dace PI nib object 100 to bo vvaebed and th e 
sorbsoa of tbo obiec^ 109 to ba wa^bad ean ba 
waahad by Ida aoouatlo cavHatbn. 

4Q N<mt m SiHm&nmi dI a evening apparatos 

for peiforinfng eiaanlng by Irradia^ng ystiaaonle 
wsvas- on a cleaning liquid jeitad out of a jplting 
unit mi'M dasobbod w^th rola^oce to 

This ernbadimaot Oi>mpbsas a pip® 1 12 for 

^a guiding a iiqold T0i for b^auin§< tor sample, paro 
watnt .. a naa^la 113 atfaohed to the tip of the oipa. 
a pia^oaiaotrio davioo 1 03 he^d in^da the no^ato 
113, a %t p^ata 104 v/nicb is made of a eoiio 
baling approx}rnaia^y tbo same acoustic jrnped- 

aa anoo as tbe 103 and bae an acoaatid thfeknaaa in 
the vtbraftr aien^dnf di reopen svbicb is 1/2 of that o! 
the 103, wavafenn goooratoi^ B for ganarating aig- 
naia of raaonanoa fraquenofos % and 2f^, mspac- 
lively, ob a complex thiokneaa vibrator elemaat con- 
figurad of tbe 103 and 1p4 : : jstnd an amptif se; oi roait 
107 by whl^W signaJs €J#v$md oUt --of tba wav^fom 
gonoeatora 105 and IQS are added togetbar and 
ampiiaod so as Jo be appfiod Id the pfeoafeatrjo 



M ih& ultrasonic- ctemmg &pp®m&ii$ configured 
m above , vibml^r ^am&ot.ptela formed #th$ 
bonded pioxoeioetbc device 103 gndfl&tp^fca 104 
nas ossootiaify tho samo cqnf igumlaan as. -the ph 
.e£t*#^#|e thlckn^s^ vtb^tor ancient 
previously in '<^ft$£ti$n Bg,B ami :; wh&ft e» 
citation is carried out by moans of th^ wavetomi 
gaaOfatora 105 sod 106 and ,ampllher OjreuH: TO?, 

the fe^am^ta? wave i> and ^. ^mm^ A^mm^: 

■wave 2% can eoox:e: m & mipoR 1 2D Joifod put .of 

t^a noasfe 113. When the cl^mmg Jkpd 101 ys : . 
emitted from Jha nu^ziu 113 toward a rowing or 
siationary stage tW< there fasoifa highly ef^i^t: 
genere&cn of acou^tfe c^itslion at fhe eudaoa of 

m--&$&& 121 ib be washed, lor e&smpk?.. & $&ml»-. 
conductor substrate within *he region 120 and the 
surface of ihe ob^oi 121 to be washed can be 
washed by this aeoostie cavitation 

Resuhs from ovaicauoe of chemical eloaning 
effete brought about by the ombodtrnents of the 
ultrasonic cleaning apparatus of Rgs.2§ to 27, as* 
pecla;^ of win be described. 

As <srs exa^pb of ch^o^ioai cfeanlng ; a serob 
ooadnclor substrate was ^aabed trough oxidation 
by using ammonia and hydrogen peroxide. Since 
the prt^mmMm^ semfeor^etor sob- 

shate stopped as-. it- reached a oeneJanl de^r and 
■was ti$^c$H to quantify, 'a aubsianoo hi Luting 
color- reae&p? tbrougb oxidation » held M a posi- 
tion so a cleaning centner where Ihe mtrmm&m* 
tar was held and the velocity of oxklahoo: -of the 
substaneo due m irrad*ahon of the ohfasonlo waves 
was measured so as to ho used as an index o? 
ofrtciancy pf dean In yj. Expadroonts were pondectad 
in; respect of acnsacfion m which tejodide ions if" 
■ <mm. ^mm^f.'irpm 1pds?t§ ions. .21^ tbrongh 
Ideation. An aqueous soierion in which potassium 
Iodide was added with ehbrai hydrate was con- 
tained in s bag made of poiy^lhy^^^ anri having a 
thlofc^ess o! 0v03 mm, and the bag was beid at the 
somieondocfo:: holding position and kradtalod with 
the ultrasonic waves, Goncohtra^oh of the gee- 
oramd tmodk^ be^ was do^n^Jfie<! by an ahsor- 
bauco and oxidation rata was datermiood trom a 
¥a?uo of Iho nbsorbanno. Oxidaanr: ratn obtained 
when a h^udam^nt^l wave at 750kH^ and a aocoed 
hermenfe. wava at i.5MH^ ^nus inad^atoo sim^a^- 
^aoosly £h® sum pi power jeve^ of th^ two 
ultra^nfe wavae be^ng kept to ba oaestant was 
piohed relative to the nsho of $M pnwor at thd 
fundament fmquonoy to the ulhaaon^o power 
to obtain oxi:d>-&ou ralo of tho aamo eharaotedstios 
m those ax^^ned pmmm^ .. In -' c-o^o^ yvllh 

Fiip.B, Ip this naen, thn eum of oitO:^^:):"fin intans'dy 
^vais of the fuodaraontal wave and the a^eond 
tapfe wava at the looatbe ^hero tho ox^dafee 
ooourred was zho^A ^OW/orr. 1 -, W<th -the fundsmen- 
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taf wava or the $aoo?id f ianvionjo wava afeua usad c 

the oxidahon rate wae ororo whhm f.ho o^penmenta^ 
arrer r^nga out tho ayne?$i$tiO ^Ifacta obtained 
whan the two frequency wav^e wara kradia^d at a; 

s time w^o ramarkabie and os^eoiaMy when the ratio 
of the paw at the hmdamonta^ ffaquenoy to tha 
■tela) o^rasioued pdw&r waa 0,2 to 0,8 {h;ddafriadf^ 
waya: second ha^montc wava ~ 1:4 'to 4i% high 
o>:kh$t?on rate was obtained. 

to Whan tba acoaafic power raho hetwean tba 
hjudamontai wave and the sooond harfnenk> wava 
is fixad fa t:1 and tno phase region between the 
fundamental wa^e and rha eacend haminoic wave 
^ chanQed, tha ox^daUon ra^ ie piohed ob!a(a 

is roeuh^ aa shown Jo Fig 2B. In this ca^o, too, tha 
aum of ultrasonic Intensity tevals of the lundaman- 
tel wave and eadond harmon^e wava at a tocatbe 
wha>:s oxtdaijoo ooounod was about 30 W/om-. (a 
the Figure, ababfasa rapreaents vahjes of <> when 

>>a lathn^ th^;< fandamenu^ wave ba Oir^S ^1} and tha 
eecond harnionlo wave' be $in<4 :rrf)/ With tba : value, 
ol k doing [1 74)* to iJH)™,.... high oxidation usie wae: 
obiainad. Espaosa^y, for w&fmk&pty. 
Hgft xm<$$#tm rale vvae obfalnod> whom »• v?2 s& 

2% a phase relation which a^axim^as the absohae 
va-ne of negahve : peak acoa^itc pme^uro and ™ - 
■>r .is a phase ua^atkm which makes, the fali of 
aceuetlo prepare etoopast 

The oitraaouiO ciaap^ig apparatus shown in the 

as present embodiment waa aisa affective for cleaning 
ueing hydmgon pejx^xido aod auif uiio ao^d ; nieaning 
using thohloro aoetip ac^d and' olaaaiug using 
chloral hydrate. 

Next an example In which the preset irivem 
tion is appiied to sanmizahon of llgnid mii he da- 
scribed with rofarauoe io Pig,29. 

The pmseot ornbodimaut ooi'bprises a procoae- 
ing lank 201, a liquid pouring port 202, a liquid 
discharge pod 203. valves 204. a bubble i^ectbu 

■<o pod: 20S, a pio^oolociric da^sco 20S having its 
vibrator element surface bonded to the bottom of 
the prudes sing tank SOI, a fiat piaia 20T which is 
bonded to the 208. has substantiaay the same 
acoustic impodance ae too 206 and ^ mado of a 

^ seiid having the same acoasbc irapadance as the 
^06 end an aconstic fhieknoef> in the vibrator 
moo! dlreoiipn massurir^g 1/2 oi that of the pia^o- 
aloctrio device 208. wavefonn ^anarators 208a and 
20Sb for generahng eiectocal aign^is or resonauce 

as frequondes f f> and 2c. s of a oompiex rose nanea 
Ihickna^a vlbfalof aiemanf: oen%ured of » 206 
and 207, and ah amplrflar circuit 200 for adding 
togothor aud amp^ysng afecthoaJ signals da^v^rad 
oat of the wavererm generators 208a and 

■$$ Here, Iho rotation bofweon tho pe^oeioctric 

^evtca 206 and flat plate is da^ined simifady to 
tha eroded irnenf of Fig aa deaeribad in eounec- 
tion wiih Fig.a When AC vohagoa of lha resonaoce 
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imiu^mim;f 9 . and 2f 0 && mpmm to-, tin :>$ozm\m* 

tn&: dcMo® :-2Q# to a^ota It and ;aaohic wavea are 
treated on the fiqord in the pressing tstfk Mh 
the fundamantal wave ? fl and its sseond harmDnsc 
vva^8 ^fecan coexist in- the \lqtM th the prc^ssstog 
i$ahik Through /tN& acoustic ^sviMbfl kg&^m^d 
^mcmniht m the pfdce^ah*sg tank sod gl^il^aiioh of 
the IkpM can ha cabled out 

At: tha> t^me, tf gas $p&$@& $mt\ m air ?s 
iojssi&d from th# bubO*e fpfest&n po$l 20£t,tt^h $ 
eavraaon nana i;a aifewed e&rsft ili&bty §Oci -th© 
ehbot of starfe^ion wi^ be tesa degrade ^y&n 
whan the ultrasonic wavea arc wmM^g s long 
to, By £dMt|n§ the da§r^ of opening of the 
•Vafefg aott timing th^Mgr, the tH?o^hput a*id$rc>> 
ess&no, time : ei the SkiuJd can bo changed, 

in ie case the composition of : 'the Isqeld 
is $»0!^'1^W : W^'0^> ^ ^MMiioj] effect per 
hour can be IropsOTSd by adding to the liquid a 
SQ?>cH:heml;i«i a:ot^ation aijhstanao snalndrng a dye 
m pmp^m^mW^ such aa he^stspor^hyrm or 
phfcjrfo or a hafeganojd compound such aa chiora?; 
hydrate or tetrachbro aca^c acid;. 

UK- the o^bodlmont o| Rg.28, a processing 
apparatus tor pMorfr^g ^eni&at&o hi a process 
jag tank by i^Mlslmg the f^ndar^arilal wave ar^d 
tha seaoad h&nnonto- wave from deferent sacaaoas 
csis bp pmwteti and an embodiment to tt^s adect 
vysfhbe described w&h reference to Rg.30, 

Tne overall £pn%ura&on of a liquid processing 
appanMns ia ^mriar-ia RgJ&S and dinars Iharafrom 
only in mat vibrator element surfaces of m uhra- 
sonic vibrator eten^ant 2&6a resonant with a run- 
dament&f Ireqaeney a? and an ultrasonic vibrator 
ak^nam ;>C*8b resonant with a second harmonic 
wave 2^ are hfdopoudontiy bar^od to the aide was; 
of a processing tank £01, and bfeofdear s?gna*a 
dafrvered out pi & vvaveroen ^a^ratpr 20B5r for 
geaorat^ng an oScctncai signal havlnQ a campoaant 
of ths f mquancy f, ; . md a wavarof rn ganarator 208b 
fer 9onarat^9 an olactnoaf a^nathaymg a ooaipo- 
nant of ^a<:and harrrjoifiia of fha b^ ara jndop^n- 
datiily SimpPad by amp^ifiars 209a and 20St\ re- 
^pobiivtitf* ■ ld' : .appfy AC; va^agas^-io- th$ ■mm^mlc. 

WN:r. n^raaonic wavoa are irradiaJod into: the 
prpaoasing tank t by n^a&as of- t^.-vl^^^^e v^^ 
tar clerricnta £0Ba ^d 200b, tho fundarnan^l wavo 
L and sacond harmonfe wsiya 2^ \&m aibwad b 
cosodst in the pr^oaasmg tank. Through this, acoua- 
fO ca^ilalioa oco:ur^ ef&ojoatfy ?n tho pj'oca^^ng 
tank and stedfea^on of the Uquiti c&n W oaaied 
out 

1< An appargitua for ^aaarating ultrasorilo- waves 
of a p!a:aiity of fropuana5«a, ; oharaotad^od in 



that a oootmuoua u!Ua§ound of a fandamani&i 
fnaquanay and a aorrtiiriMona aHr^aund af a 
s^ooad Iwrnonjc of a&tel lupdam^ot^l froq?jon- 
ay are a?&cHated aub^antjaHy a^mu^anaouasy 
a an aa objeel 

2. An app^srslua ;?scoord?n0 to ciatm i< ch^cte- 
taad in tbatan oltraaonic transra^ar is pro- 
.vided wnicn tao^adas a Irananatsar a^omara M 

io g$mc$M§ the iuodsnw*ta* wav^ and a trans - 

naftar otamoat for peaefa^ng the aerx>ad har^ 
moaic wava ^vhicn. ara indcoand^at of oaeh 
atha^ and that aasd aaeh elameat ta dnvea by 
a signal vo!tago el indepoadent fropuanay, as- 
as .spactrva^y. 

3, An apparatus eaeord^ng to cialm 2, aharaatdr- 
IMd ?n iMi a wave transaihtar a^omant for 
gaawaang tbo fundamental wave and a wave 

20 ttm&nutW ofaraont ror geaeraHng the seaepd 

harmonic waya have in mmrmn a foca? point. 

4> An apparatus aocond^ag to oialro 2 ? character 
jzed in that aaia liitra&onia h ananiittar la of : ar= 
array n/po jnolud^ a pkirelily of wa^o trans- 
a^iher etaments for ganaralfag the f undaaian^ai 
wava and a akaaiity of wava trahsm^ttor aio- 
meats for' ^an^ttn^ the aacond harmonic 
vvevOv 

B, Aa apparatus accp:d<ag io C'Sim 1, aharanta: - 
ked in that the Intansity of the saooad her- 
mofjje wave ;s mofe than i /4 tanas to faas t;aan 
4 araas the iatahslty of the fundamenta; svava 
a^ atan obsact ta be saadsatad. 

0. An appemtua acadfdsng to dalra i\ charaofer- 
izod m that tha phase relation hetwean tha 
fundajnantaf wave and the second harmonic 

4Q wa^ra ia so aat aa io make the waveform of the 

aecond harntonio- approxln^ata S^{4 ^lt) w:hon 
the- waveform of aa a^raapund M tha ha>da- 
rnantai fraqeeacy f m represented wjth yeapect 
id time r by sb^'-^fQ at tha object to be 

^ ioadfatad. 

An appan-aua ecoorciing to cia^rn i , cf^taracton 
■raa-d in that an oifraaonr;: Irnaglnp aeitaa pre- 
vidad whsch M m mr&gursti aa ao form an 
m uttrasonfc echo iiriago of the irradiated objaet 

by ttaasmdang and raca^viag a pulae wava 
having a hf^her frequency than fha second 
bar moose wave, 

0x An apparatua t^cco rding to Ciaim ?\ character- 

l^oddn that wheo. ^ eontfm{OMS : wave- pr a fcor^l 
wave of the fundamental wave ana a continu- 
ous w&ve or a burst wave of | !ha ^aoond bar- 
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'monio w&v$' are irradiated on the kradiatad 
ofojnct 'at: a t?n>o to g§n£^&te foaqaency aon'spo- 

naofs oi ukrasoote mm$ at. ih$ im$M%4 
j^ct. of frequency components generated &t 
sajd &?§tf)ftl$ti dbjeet m ov-$a multiply of ti$r 
qvmcy mmpmmi # the eoooed harmonic 
wave i$ ^o^W. 

& An Mp^&tas for generation u&asenJe: waves 
or a pferalfty of booeendes, z^&$&fa%$ w 
f hab a cents nanoa uk:"asouod of a, fa ndamenf al 
Ireooancy and confioaoas cibaaouod of a 
second harmonic of the> fundamental wavo <ms 
tii$$MM $imiM&p&(>mif from the aama; pia^o- 
electee vibrator ekenem toward tHs earno no- 
jecf so tiri&i the ;.eonSnijt'6fci-«' ullrasousid of too 
fundamental frequency and tho eonbouooe ub 
tr&saand W$m;mcwi8 -Siamese ■ rmf. be bra- 
: <&ated .s^sldrtH^y simukaaooesb/ on sabofao- 
!*&Hy the s&n'te oblecc 

tO. An apparatus according to daim 8. character* 
ked io that a pk^oe^ctbc afomam is provided 
which ie mad^ of a piezontectdc materia^ or a 
matsHar living an equal acoustic impedance 
to that :&i pia^oolecaie material and has an 
;$eoes$& thickness of a ft&f%&ve&ngt* anhe 
f aodanion£af wava, and that a thicknose region 
eooeseoedfnq to $obo4aoba*b' 2/3 of tea 
acoustic bhicNoose is driven peaeeloef deafly, 

fi. An apparatus, according to claim hO, character- 
izad m ifo&i a. pie^Ootecihc : ek^eni is provided 
which is made of a pie^fecibc mateha* of a 
mae^r rai having no eqoai acoustic anpodaddo 
to that of the piezoefeefbe matenal< has an 
acouetic thiekooea Of a haif wavoiength of too 
bmdamontai wavo and haa a tbidkpes^ region 
corresponding to eubstandaiiy t/3 pi the 
aeoustfc tokikt>ess and a thickness rapjoo cor- 
responding to cud$tantk*% 2"3 of the aeoee&s 
Ifdekneae whieb arc beaded sagos hen and that 
only said £/3 naojon vfe- doven pfesoefectjioa^y ; 



M ^Pparataa aecordiCQ id o^^m 8 r chai^otor- 
s;-:od :' m that % push-piM type -c4fcuit for ddvtog 
aa?d pteo^oclno vrorak^r ^lofn^f^ ?a provided, 
ooo sta&r In vvhicn <>oo of p/m smtsfting ojo- 
m^nts ooostiaainQ said pLssh-palboiirqMibJS ran- 
da?ad to ba on and the otdor ia randomd to do 
oil SiOd \fm otoar atate k\ which !he ^fVoff 
ma^oriog t$ tovortad sna m controiiod as ts> bo 
aapoafad, m& the o^o baiwaorj liroaa for fhe 
sosp^ot^o si&tos to pdr^lat ^ so controi sed as 

to sahetaoba^v aqaa: 1:3 or 3:1, 



iS> ;A:n appafa*us apcprdlng io-idslm tZ, oharaotor* 
Ued m ibat a ckciM \$ provided wbjco 



$5 
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■ so 



4$ 



ooo ; tddes ■ ibrd.o : DC constant potonliaf s-oarces 
and s^fcding oionaOats, provided by three per 
■:p : aO:; piascoieotdc' vfbrate : o^rnoat : lpc.$vdtrf> 
lag on- ; o^ the oioo^rfcal coa nactbn bab^ooo 
«acb of said consent po^aaital sources and 
^a?d pfeodloctdc vsdrator oloimoot. 

14 An aooarakio accordiac to claim 1, character 
teM it] tbai a first Oircalf. for dbvmg a p^sk6r 
clodttio vibrator alornonf at the fcad^eota^ 
■ feqoanc^ and - a a>x;Dad :Ca : co::t for .driving said- 
O:asooi0ctbc vibrato? element at th$ ;S^oond : 
h^nnorsic of the firadarriaaia^ frequency are 
proved, and wbeo a total oapacftance of sa^d 
pie^oefectdo vibrator ekrnent and a capacitor 
connect ad in parab&j tbe^o da C and an W 
dacinooa roeooaol vvfth tbe tb^ai copao^anco at 
tb® ? aodara^oia^ Ireqaency is L : aa?d piieso- 
e?ooioo vibrator ofarnoat ie connected to *aiid' 
firet, ckoai: -htoogb aa iadeatpr davmg an to- 
oaotaoca of b'8L and to said second ckoM 
through aa ; abactor having m laducianco or 
10 C 9L and a capaobor connected in sodas with 
tbbr inductance and aeviog a capacitance of 
9/250. 

1% An uhraaoak: apparataa tor tnadiabng s ptane 
wave of a faadamoofai troqnency and a plana 
wave of a boqoenpy which of an U^iger 
moitipfa of tha fondarnoofal fraqooooy aimoita- 
neoosiy on tha aae^e eb|ect< characterc^ad »r 
that wave fronts of said two froquoooios are 
roaaarori k^ ha ^abstan^'a^y paraiiai to each 



o 



thai 



16. An aitrasonjc cJ^anipg apparaios ooobgutod to 
irradiat?a obmadn^c weves of a o^ura^tv of fre- 
paoncias 'and adapted to irraO^ato Ibe ultra- 
sonic waves on an obioot through a mediorn of 
a ifpoki, charaaahzed in thai aa attrasnond of 
a fundamental Jfo$qoa^^ and an o^trasoood of 
a ^reqadacy which la a eocoad harmonic of tha 
fundamontar haoooncv are eradiated simoita- 
ncoosdy on said <'bjecl 



An apperetaa ac;corrfsng fa ciaievlSl, oha-aofor- 
iaod in lb at the oiaaaook: vvavos ana Eradiated 
on an obieot baid H a o?oansng tank 

I B. An apparatos a<;:obod5ng to claim, d 8 V : : obarabter- 
i^od ?n ibat iha •^tr^annio rvav^ra aro irradiated 
on an object tbnaugb a medium of a liqafd 
jOsted not of a jening unit- 

IS, Ac appa^etaa ^cordsag fa claim i .Si*- ohaaicMf - 
taod in that the intensity of iM; second haf- 
naonic wava jo eel to be roore ^haa i/4 ernoa to; 
teas than 4 dn^e$ the iofcsnakV of f he fen- 
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damenfai wave at the obimi to be 

m0O m that the phase re&feo behveon tho 
fendsnr^nM \*w® sod (he second .torraoolb 
w'm^ m. w as to ma&e \$w oi th^ 

second harmonic wave approximate §sn{4 srff 
+ *> wh$n 1:ha w^oform ol an ultrasound of 
ihe fund&men^^ Mqismcy i H- represented 
mm respect io ame t dv s*n£? tift) at the abject 
to !bq i:T^-dfet0d,- whom « i$ a >rssl- Tiyrnfo^ 
wfeH *$ rnore than (i/4vx to foes than <7A1.>^ 



.^po^d ..for solid 1$ mvm th&od jo Ihai 

3, 



21s An apparatus according So d^m t$ : < c^arac^ 
feed In that used aa an db'asonic thk&TOSS 
vibrator efemeni ii a ismtoar sb-^ckife of a 
pk::aaabohic device and a so^d cfesely .bon- 
ded thereio and tt^to§\^ti&%Mlf mh,mm 
acoeslic impedance m sa*d pieK>e>ectdc ee- 



£0 



22. An apparatus according io cWm B ? character- 
ked In that the ra£o hereon a time defined by 
dMd*og a 'Mcknesaln the vlnmnon d^ociicn of 
said pie^de&etdo do^oe by an acouaisc speed 
there*or and a t trne denned by dividing a thick- 
neea in the vibrafren direction of eaid soM 
having eufestaotraiiy ; the: ,samo acoustic toped - 
aooe as sasd preaoef^ihe devk:C by an aooas- 
t;;0 speed fon^akr rnom than 1 to less 

than 3 , 



aa 
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23, A liquid st&dfisjng apparatus, chamcter&ed m 
that oitraaonic wave* of a piorakty ot kequeiv 

24, A liquid ster&ztng appa?-atus acponiing to oia^ 
23, eharactop^ed in ifi&\ said piuraHra^oeocy 
vvavea am m ultrasound of a fundamon^anre- 
quenoy and an L:tirasound of a second ftaa> 
\1%om of tm fm4m\mm frequency. 

211. An apparatus adoo^dincr to ola^m 23, character- 
k^ed in that n$. : cd as an uitr asooio thickness 
vjbrafes- element & & tmumr WiXAum o! a 

pinznCvCCiric device and a so&j oioaely dpn- 
dnd thOfoto and h«vtn$ subalantiain/ .ha san^ 
ao^ustJO jmp^darico sa^i sfeoofeetnc de- 
vim. 

28, An a|>p»,ns ^ according to cla^m chamciaf- 
i.<oo tha* the ra-io botwoon a time downed by 
djy^ding a fhipknnss krih^ryibf^kxr di^.bn of 
ae*d pfeoefeotde <$wm by a aoouatic ep^ad 
feo^otcr and a §m® dof inad by dividing a Ihfck- ss 
nes$ in the vioratton d^-ecuon of said so^d 
h^vin^ a^bstantia^y the i?amo acouat>c imped- 
ance as said pteeeleckie device by a acp^si^b 
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